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CHAPTER I 
INTRODUCTION 
A. H i s t o r i c a l  Review 
On October 4, 1957, t h e  Soviet  Union succeeded i n  placing t h e  f i r s t  
man-made satel l i te  i n t o  o r b i t  around t h e  Earth. That d a t e  marked t h e  
acrgecce "fm,sn's dreams of t h e  conquest of outer  space from the realm of 
science f i c t i o n  t o  r e a l i t y .  
s c i e n t i f i c  community recognized the  po ten t i a l  s ign i f i cance  of extraterrestrial 
bodies as "biological  preserves". 
has been generated with the  ob jec t ive  of  ensuring t h e  pro tec t ion  of  t h s e  
' b i o l o g i c a l  preserves" a t  least u n t i l  they can be adequately investigated.  
It was very s h o r t l y  t h e r e a f t e r  t h a t  t h e  
I n  the  ensuing years  a monumental e f f o r t  
The crux of this program is the s t e r i l i z a t i o n  of space hardware t o  - 
assu re  t h a t  no man-made ob jec t  impacting on a p o t e n t i a l  ' b i o l o g i c a l  preserve" 
i n  space tiill introduce b i o t a  of ea r th ly  or ig in .  
obscure fo reve r  t h e  t r u e  s ign i f i cance  of any subsequent b io log ica l  discovery 
on t h a t  body. The h i s t o r i c a l  development of t h i s  concept of "Planetary 
Quarantine" can be t r aced  through t h e  l i t e r a t u r e  s i n c e  1958. 
'Noondust" a r t i c l e  (1958) is generally recognized as t h e  pioneering publica- 
t i o n  on t h i s  subject .  Subsequent a r t i c l e s  of note  which have helped t o  
dc.?lzzzte the cy=r-sll prngram include those by CETEX (1958), P h i l l i p s  and 
Hoffman (1960), Davies and Connnuntzis (19601, Hobby (1962), t h e  National 
Academy of Sciences (1962), and J a f f e  (1963). 
To do so would be t o  
Lederberg's 
It tms recognized e a r l y  t h a t  t h e  accomplishment of s t e r i l i z a t i o n  of 
space hardware IJould no t  be easy. 
Ranger Moon probes were frequently blamed f o r  t h e  f a i l u r e  of those probes t o  
func t ion  s a t i s f a c t o r i l y .  
Indeed, i n i t i a l  e f f o r t s  t o  S t e r i l i z e  
Moist heat w a s  ru l ed  out  as a s t e r i l i z a t i o n  technic  
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due t o  its obvious de l e t e r ious  e:?ect on e l e c t r o n i c  components. 
r ad ia t ion ,  l i q u i d  chemical s t e r i l a n t s  and gaseous s t e r i l a n t s  were a l s o  ru led  
out  as primary methods due t o  a conbination of incomplete k i l l ,  f a i l u r e  to  
p e n e t r a t e  i n t e r i o r s  of components and de le te r ious  e f f e c t s  on some hardware. 
Dry hea t  remained as t h e  most promising technic  ava i lab le .  
Koesterer and Bruch (1962) and Bruch, e t  a l .  (1962) ind ica ted  t h e  approximate 
L L U ~  and "Lperattire rz?ztienships rrfiich veulrt he w x e s s a r y  to e f f e c t  dry 
hea t  s t e r i l i z a t i o n .  
Ionizing 
Studies  by 
ill 
Several broad ca tegor ies  oi s i g n i f i c a n t  f ac to r s  needed t o  be i n v e s t i -  
gated i n  order  t o  develop a comprehensive and ~ ~ o r l a b l e  s t e r i l i z a t i o n  standard.  
It w a s  apparent t h a t  some space hardware tJ0Uld be damaged by the  dry heat  
cyc le  of 135' C. f o r  24 hours which had emerged f r m  a v a i l a b l e  data. 
one avenue of inves t iga t ion  was obviously the developnent of hardvare with 
proven c a p a b i l i t y  t o  funct ion subsequent t o  dry hea t  s t e r i l i z a t i o n .  
approzch vas relzitcrl t o  Hobby's estimate (1962) of 10 
c r a f t  as a l o g i c a l  s t a r t i n g  po in t  f o r  the  hea t  cycle. 
product ion of a spacecraf t  with s l g n i f i c a n t l y  fever  contaminants might enable 
a t i m e  and temperature reduct ion i n  the  cyc le  and thus increase  the  proba- 
b i l i t y  of r e l i a b l e  performance 01 t h e  var ious components. 
cons iderable  emphasis has  been placed on c lean  assembly as an  important 
aspect ~f t f ; ~  =ter i l j . za t ion  prngyprn, 
Thus, 
The other  
9 organisms pe r  space- 
It w a s  obvious t h a t  
For t h i s  reason, 
Incormation on microbial  contamination i n  p o t e n t i a l  ''clean assembly" 
areas and microbLal evaluat ion o? assembly techniques were e n t i r e l y  lacking. 
Pioneering vork i n  t h i s  area vas ' n i t i a t ed  a t  Por t  Detrick Army Biological  
Laboratory (Portnei-, e t  al .  1964, Zlo?i?man 1964 and 1965). Mchaelsen and I 
Vesley (1963) compared a i rbo rne  mlcrobial  contamination i n  i n d u s t r i a l  c lean  I 
rooms and h o s p i t a l  operat ing rooras, and several s t u d i e s  were soon i n i t i a t e d  I 
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by N.A.S.A. t o  provide d e t a i l e d  information about t h e  microbiological  aspec ts  
of c lean  assembly (Favero, et  a l .  1955, HcDade, 1965, Douglas A i r c r a f t  Co., 
1965, Lockheed Nfss i l e s  and Space Co., 1965). It was as p a r t  of t h i s  expanded 
N.A.S.A. program t h a t  t he  research sucrmarized i n  t h i s  r epor t  vas funded and 
i n i t i a t e d .  
Even while  t h i s  work vas i n  prozress ,  i n t e r e s t  developed i n  t h e  new 
concept of lZ i i - , i i a r  f?~;: rams (%itfielr15 1982) as a poss ib l e  major innovation 
i n  a c lean  assembly program. 
assembled a t  t h e  Universi ty  of Xnnesota ,  School of Public Health l abora to r i e s  
The l a m i n a r  ~ ~ O V J  f a c i l i t y  which was  b u i l t  for and 
is one of seve ra l  which have now been subjected t o  microbial  monitoring 
(Powers, 1965, Ikllade, e t  al., 19G5). 
A summary o? app l i cab le  microbial  contamination con t ro l  methods was 
p::epared by Phillips, e t  al. (i955), and ;4c%de, e t  al. (1?65) have reviewed 
t h e  present  s t a t u s  of c lean  room microbiology. A symposium on the s t e r i l i z a t i o n  
prograr; and Its p;--&l~ma was h e l d  S.n Pasadena, Cal i forn ia  i n  Eovember, 1965 
which helped t o  br ing  together  and c l a r i f y  t h e  many elements of t h e  program, 
and an up-to-date discussion of spacecraf t  s t e r i l i z a t i o n  problems was prepared 
by H a l l  (195G). 
B. Statement of t h e  Problem 
The Universi ty  of Ninnesota study on t h e  "Bacteriology of Clean Rooms" 
s u b j e c t  ~7as ave i l ab le .  
The d e t a i l s  oC t h e  var ious aspects  of t h i s  s tudy are reported i n  t h e  
ensuing chapters.  The f i r s t  year vas devoted t o  a comparison of microbial  
l e v e l s  i n  t h e  envixmments of foux di2feren t  conventional i n d u s t r i a l  c lean 
rooms loca ted  a t  I-;oneywell Ordnance Division and Univac Division of t h e  
Sperry Rand Corporation. 
1 
The rooms were se l ec t ed  on the  bas i s  of e x i s t i n g  contamination con t ro l  
measures. An e f f o r t  
was made t o  determine t h e  d i f fe rences ,  if any, i n  contamination levels r e l a t e d  
to  t h e  specir ' ic  con t ro l s  i n  each tom. 
a i rbo rne  contamination levels, surcace contamination on work benches and 
f a l l - o u t  of contamhants  onto s t a f n l e s s  steel s t r i p s  l e f t  i n  t h e  work area f o r  
per iods up t o  21 veeks. 
i d e n t i f i e d  and a proport ion s tudied  f o r  r e l a t i v e  r e s i s t a n c e  t o  dry heat.  
d e t a i l s  02 t h f s  phnse of the  p r o j e c t  a r e  presented i n  Chapter 11. 
These ranged from negl ig ib le  t o  very s t r i n g e n t  controls .  
The parameters s tud ied  were ambient 
Heat r e s t s t a n t  i s o l a t e s  from these  s t r i p s  were later 
The 
The second year  of the  p r o j e c t  vas pr imar i ly  devoted t o  evaluat ing 
s p e c i f i c  f ac to r s  thought t o  be important i n  minimizing t h e  level of contami- 
nants  on space hardware. t h e  e f f e c t  of 
composttion of naterials on r e t e n t i o n  and s u r v i v a l  of contaminants, d i e  off 
of contaminants on handled s t r i p s  of various materials, and hea t  r e s i s t a n c e  
s t u d i e s  of contamfnants on handled s t r i p s .  These inves t iga t ions  are pre- 
sen ted  i n  d e t a i l  in Chapter 111. 
The f a c t o r s  inves t iga ted  included: 
The emergence of laminar flow as a p o t e n t i a l l y  s i g n i f i c a n t  inovat ion 
l ed  t o  t h e  i n s t a l l a t i o n  of a s m a l l  v e r t i c a l  l a m i n a r  flow room toward the  
end of t h e  second year  of t he  pro jec t .  
i n  Environmental Hicrobiology as Related t o  Planetary Quarantine" are 
supportinp, i nves t iga t ions  related t o  personnel b a r r i e r s  and hand contac t  
contaminstlon during assembly of s i m u l a t e d  space hardvare i n  t h i s  f a c i l i t y .  
For t h e  purposes of t h e  o r i g i n a l  pro jec t ,  t h e  comparison of microbial  contami- 
na t ion  l e v e l s  i n  t h e  laminar f l o v  f a c i l i t y  with l e v e l s  i n  conventional c lean  
Continuing funds for  "Basic S tudies  
rooms is of i n t e r e s t ,  and preliminary data on these  levels are presented i n  
Chapter IV. 
I 
cu-PTEZ 11 
NICEOBIOLOGICAL SURVEYS OF INDUSTRIAL CLEAN ROOMS 
From July 1964 through 1965, a s e r i e s  of surveys was conducted i n  
s e l e c t e d  i n d u s t r i a l  c lean  rooms located i n  t5e biinneapolis-St . Paul Metropol- 
i t a n  area. 
obtain b & k  &ita about the ziicro55olo~ical qua l i ty  of t h e  a i r ,  t h e  levels 
of b io log ica l  contamination on surfaces ,  t he  i n t e n s i t y  of microbial  f a l l - o u t  
on exposed ma te r i a l s  and o ther  f ac to r s  which might be  r e l a t e d  t o  these  
phenomena. 
These inves t iga t ions  vere concerxed pr imar i ly  v3ith e f f o r t s  t o  
Preliminary v i s i t s  were made t o  var ious Rrin Ci ty  i n d u s t r i a l  p l a n t s  i n  
order  t o  determine which sites rntzht be most s u i t a b l e  f o r  t h i s  study. 
Ult imately,  t he  choice 01 rooms T ~ S  s x d e  i n  2 manner which provided a cross 
s e c t i o n  of areas d i f f e r i n g  widely Ln a i r  handling systems and personnel 
eontrcl m e ~ s w e s ~  I n d u s t r i a l  roans se lec ted  f o r  t h i s  s tudy were located 
i n  p l a n t s  operated by Honeywell, Inc. and by t h e  Univac Division or' Sperry 
Rand. 
f o r  t h e  assembly and t e s t i n g  of various e l e c t r o n i c  components. 
b r i n g  t h e  per iod of the  surveys, a l l  rooms were being a c t i v e l y  used 
I. DESCRIPTION OF ITlDIVIDUclL ROOM CHARACTERISTICS 
These rooms were se l ec t ed  because they represented a wide range of 
differences ir: e;.....lserrm~r??.a-e~f~ 1 controls and personnel p r a c t i c e s  which might 
i n f luence  t h e  levels of p a r t i c u l a t e  and microbiological  contamination i n  the  
a i r  and on sur faces  of 17orlc areas. The ;'allowing descr ip t ions  of ind iv idua l  
rooms 1 7 i I I  I nd ica t e  t h e  s a l i e n t  k a t u r e s  of in t e re s t  fo r  each room studied. 
Univac Room E (Ce?ense Aerospace Printed C t r c u i t  A r e a )  
mis room 17as an ordinary Zactory area wit11 an open bar j o i s t  c e i l i n g  
and about  1,000 sq, :to of f l o o r  space. t30 s p e c i a l  precaut ions 20s contamination 
con t ro l  irere i r s t i t u t e d  i n  Zoom E. 
The a f r  supply f o r  t h i s  rom ~3as furnished from a general ,  o f f i c e  
type a i r  condi t ioner  171th standar8,  two inch f ibe rg la s s ,  thrO\J-a\,7ay L'ilters. 
k t e  of air  fl017 17as about t e n  changes p e r  hour. 
Personnel wore ordinary s t r e e t  c lothing,  and from s ix  t o  nine ind iv i -  
duals were a c t i v e l y  engaged i n  production work i n  t h i s  room. 
j a n i t o r i a l  se rv ice ,  priiiisr51y flmr mopping, vas performed rou t ine ly  with 
i n t e r m i t t a n t  dust ing of bench tops. 
Ordinary 
Locations of work benches co-iic! equipment i n  t h i s  room are shotm i n  t h e  
f l o o r  p l an  of riigu-re 1. 
d r i l l i n g  c i r c u i t  boards and so lder ing  of components. 
UnivaP D w m  C (i,Ienow Unit 1;fanufacturinz) 
The a r e a  vas used mainly f o r  t e s t i n g  of c i r c u i t s ,  
Cer ta in  s p e c i a l  p r a c t i c e s  h d  been i n s t i t u t e d  i n  t h i s  area t o  reduce 
contamimt ion  by p a r t i c u l a t e s .  Between 25 t o  28 workers were assembling 
components i n  R~oE: 9 v!~i.ch occupied approximately 2,000 sq. f t .  of f l o o r  
space. 
g r e a t e s t  amount of bench top su r€ace  ( see  f l o o r  plan of Figure 2). 
Room D vas t h e  l a r g e s t  0 2  t he  Cour areas sampled and also had t h e  
The room T.ES under p o s i t i v e  pressure and a i r  was suppl ied by a condi- 
0 
t i on ing  system vhich con t ro l l ed  t h e  temperature a t  75 
relative humidity between levels of 30 t o  50 per cent.  
room, a i i  air kjaas pssszd rhrcvgh a Cambridge Aerosolve 1/95 mechanical f i l t e r .  
An "Airson" f a l s e  c e i l i n g  system del ivered forced a i r  i n t o  t h e  area a t  a rate 
of approxfmatelg 15 changes per  hour. 
F. '. 5' and the  
Before en te r ing  t h e  
F A l l  personnel en ter ing  thFs area were required t o  t~ear head covers 
and a smock Over street clothing.  
Although a vacuum shoe c leaner  m s  ava i l ab le ,  it appeared t o  be used only 
c a s u a l l y  and inlrequent ly .  
?.n a i r  lock dressing area was provided. 
Shoe covers were not required and t h e r e  were no 
w 
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Special  hard vrashing f ac i l i t i e s  i ~ 1  t h e  dressing area. 
i n t e r i o r  view of Univac Room D sild Fllustrates t h e  type of c lo th ing  worn, 
as w e l l  as t h e  t e n e r a l  d i s t r i b u t i o n  of personnel i n  t h e  area. 
Figure 3 provides a n  
J a ; ? i t o r i a l  services included a once d a i l y  vacuuming apd wet mopping of 
floors with ae t e r sen t  designated f o r  clean room use. Bench tops and l egs  
w e r e  also vacuumed d a i l y  and vere mshea a t  one t o  t h r e e  month in t e rva l s .  
Occasionally, a t  t h e  d i s c r e t i o n  2 2  the wnrkers, they a l s o  cleaned a bench 
top i n  t h e i r  imedia te  area i f  " f t  looked dirty".  
Honewell  Rooli. C (Component Preparation and Cleaning Area) 
This 750 sq. E t .  arsa had a number of f ea tu res  which sugcested t h a t  i t  
might be some~r!iat more e f f i c i e n t  ?or prevention of p a r t i c u l a t e  contamination 
than Room D. 
people and t h e  t o t a l  personnel load iiever exceeded t e n  persons. 
Work i n  t h i s  area vas usual ly  c a r r i e d  on by f i v e  t o  seven 
The a i r  supply f o r  Room C passed through a f i b e r g l a s s  roughing f i l t e r ,  
a n  electrostatic prccipl tatm,  a n  a i r  condi t ioner  and, ul t imately,  through 
Cambridge abso lu te  f i l t e r s .  
and was exhausted through w a l l  vests located near t h e  f loor .  
was maintained a t  7 2  
below 50 per ceiit and t h e  room tws under p o s i t i v e  pressure.  
t h e  syster: vas approximately 24 changes pe r  hour, with approximately GO p e r  
cen t  make-up a i r .  
higher  than 400 p a r t i c l e s  > 5p per  cubic foot.  
Honeywell Roo-ii S is shovm i n  the  ?loor p l au  of Figure 4. 
Air entePed t h e  room through c e i l i n g  louvers 
Temperature 
F. & 5 , relative h m i d i t y  was con t ro l l ed  t o  remain 
Flow rate of 
0 0 
Stand.irds fcrr i-his rootr? required t h a t  dust  counts be no 
The Qeneral layout of 
S t r i c t  c o n t ~ o l  xas exercised ove: personnel enterin: t h e  area. 
f o r  workers assi22ed t he re ,  YegFstration vas required of a l l  people. 
persons had t o  use t h e  shoe cleai-,e;-- and wash t h e i r  hands before  dressing i n  
t h e  ou te r  a i r  Locl:. 
Except 
A l l  
Standard dress requirements included smocks o r  s u i t s ,  

I 
I 
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head covers and shoe covers. 
J a n i t o r i a l  services were carrFed out  on a r i g i d l y  maintained schedule 
k r i n g  the  day s h i f t ,  a l l  f l o o r s  and r i g i d  inspect ions ensured compliance, 
were vacuumed twice and ou t s ide  passazes were w e t  mopped. A secoad s h i f t  
crew vas responstble  f o r  another  d a i l y  vacuuming of walls, f i x t u r e s  and 
ho r i zon ta l  sur faces ,  except beiich tops and shelves.  
a g a h  wet nopped a l l  f loors .  
tops each :-or~!.n:: by swabbins w5th isopropyl a lcohol  s a tu ra t ed  sponges. 
Honevwell Roon A (Component Asserblv Areal 
The same s h i f t  a l s o  
Xssembly workers were required t o  c leanse  bench 
Honeyvell Clean 2,oom A appeared t o  be the  most sophis t ica ted  of t h e  
areas studied,  The f l o o r  plar. Cor t h i s  xoom is i l l u s t r a t e d  i n  Figure 5 and 
E:). i n t e r i o r  vie17 02 t he  area is shom F n  Figure 6. Floor  space and worker 
load were almost i d e n t i c a l  t o  those described f o r  Room C; however, t he  
opera t ing  chnrac t e r? s t i c s  were sorxmhat more r e f ined  than those of Xoom C, 
e s p e c i a l l y  as iz.dicated by the  f o l l o ~ i n g  important a d d i t i o n a l  fea tures :  
1. An a i r  shower was required for  a l l  personnel before  admittance t o  
t h e  dress ing  room a i r  lock. 
2. The ziz handling sys tem 1 7 x 3  b a s i c a l l y  t h a t  of Room C, but  was 
modified i n  sevecz l  aspects .  
p r e - f i l t e r  staze t o  t h e  a i r  strem cleans ins  u n i t .  
rate f o r  thLs roon was increased t o  30 changes per  hour and t h e  supply 
rece ived  33 p e r  ceiit make-up a i r .  
Amon2 these 17as t h e  add i t ion  of an aerosolve 
Furthermore, t h e  flow 
3, P a r t i c u l a t e  contaminatloz standards were set a t  200 p a r t i c l e s  > 
51.r per  CU. 3, an:! 25,000 p a r t i c l e s  > 0.5~ per  cu. f t .  
4 ,  1-11 materials en te r ing  t h i s  room had been cleaned previously i n  
aco the r  czea of conparable atmosphere. 
t r a n s f e r r e d  i n t o  Zoom A through a%r lock f a c i l i t i e s .  
Parts and other  materials were 
P a r t i c u l a t e  shedding 
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materials such as penc i l s ,  paper, etc. were excluded from t h e  room. 
11. mmoDs 
The rou t ine  sampling procedures f o r  monitoring t h e  microbiological  
content  OC a i r  and contamination l eve l s  on sur faces  are b r i e f l y  summarized 
here. These sampling operat ions ?rere repeated on e igh t  s epa ra t e  occasions 
i n  each of t h e  four  rooms over an approximate per iod of n ine  months. 
c~njunctfon with a i r  and su r face  sampling, prolonged exposures of s t a i n l e s s  
steel s t r i p s  served as a means f o r  assaying f a l l -ou t  contamination. 
of procedures are out l ined  i n  the sec t ions  t h a t  follow. 
A. Ambient F5.r Sampling 
On each v i s i t  t o  a c lean  room, B Eeyniers s l i t  sampler (!lolf, e t  al., 
I n  
Details 
1959) was set up a t  bench top l e v e l s  near t h e  cen te r  of t h e  room's a c t i v i t i e s  
(see Figure  7). t series of five consecutive one-hour samples, a t  a rate of 
one CU. f t .  of a i r  per  minute, t7as col lected,  making a t o t a l  sampling volume 
of 300 cu. ft. per  room f o r  each sampling day. 
w e r e  collected on Trypt icase Soy Agar (TSA) medium and incubated f o r  43% hours 
a t  32' C. 
A l l  microbiological  samples 
Enumerations of v i a b l e  p a r t i c l e s  were made with the  a i d  of colony 
counters  . 
B. Bench Top Surface Sampling 
A l l  sampling of sur faces  vas done with Rodac agar  contac t  p l a t e s  
according t o  procedures previously descrfbed by Bond, et  al. (1963). 
technique is demonstrated i n  Figure 8. 
t o  c a l c u l a t e  t h e  number of randomly chosen bench top sampling sites necessary 
t o  measure accui-ately the  bench top  contamination i n  each room. 
Rooms A,  D, and T 30 sites were sampled during t h e  a.m. and SO d i f f e r e n t  
sites during the  p.m. f o r  a t o t a l  of 180 Rodac samples per  room per  sampling 
day. 
This 
Preliminary sampling da ta  were used 
I n  each of 
An unexplafned g r e a t e r  varLabi l i ty  i n  Yoom C requi red  150 sampling 
I6  
FIGURE 7 REYNIERS AIR SAMPLER 
FIGURE 8 SURFACE SAMPLING WITH RODAC 
PLATES 
i , -  - 17 - 
i For the  i n 5 t i a l  s tud ie s ,  previously cleaned, s t e r i l i z e d ,  s t a i n l e s s  
steel s t r i p s  (1" :: 2") were placed i n  separate ,  empty Itodac p l a t e  bottoms and 
exposed i n  Coons A and D fo r  evaluat ions of f a l l -ou t  contamination. 
I 
Subse- I I 
quentiy, add i t iona l  strips of otkzer m e t i l l i c s  (copper, aluminum, so lde r )  and 
p l a s t i c s  ( tezlon,  l u c i t e ,  epoxy) Tiere a l s o  exposed i n  Room 1 atmospheres. 
For the  stvdies v i t h  s t a i n l e s s  steel alone,  each series cons is ted  of 
4 2  s t r i p s  ( th ree  blocks oE 14 s t - r lps  each) which were set out  a t  t h r e e  sepa ra t e  
bench top  loca t ions  wi th in  each room. S ix  s t r i p s  from each series were 
assayed a t  t h r e e  week i n t e r v a l s  f o r  a t o t a l  of 21 weeks.  
I n  t h e  combined s t u d i e s  of metallics and p l a s t i c s  Fr? I?om L), a t o t a l  of 
196 s t r i p s  vere used. 
b lack  at dLf2erent l cca t ions  i n  the room. A l l  blocPc contained seven s t r i p s  
each of seven d i f f e r e n t  materials. At i n t e r v a l s  of t h r e e  weeks, four  s t r i p s  
of each type (one from each exposure s i te)  were covered v i t h  s ter i le  Rodac 
covers and t ransported t o  t h e  laboratory f o r  processing. Thus, a t o t a l  of 
28 s t r i p s  were analyzed for each c o l l e c t i o n  per iod including four each of 
seven d i f f e r e n t  materials. 
These were set out  i n  four  blocks of 49 s t r i p s  per  
4 'ine anaiy516 of a l l  strips CQnsisted of placing each s t r i p  i n  a b o t t l e  
wi th  25 cc of phosphate bu f fe r  p lus  0.02% "Veen 20. The b o t t l e s  were shaken 
f o r  f i v e  m'lnutes i n  a gyroro ta tory  mechanical shaker;  followed by p l a t i n g  of 
5 m l  a l i q u o t s  i n  each of t h e  following ways: 
1. Five m l  p l a t ed  i n  TSA agar and incubated ae rob ica l ly  f o r  7 2  hours 
at 32' C. 
2. Five r:.l plated in TSP- s;,~-: and  incubated anaerobical ly  ( i n  95 per  
- 18 - 
cent  N -5 per  cent  CO atmospheres) for  7 2  hours a t  32O C. 1Tith each series, 
cu l tu re s  of Clostridium perfr ingens were also incubated as a check on mainte- 
nance of anaerobic conditions.  
2 2 
3. Five m l  heat  shocked (COO C. f o r  20 minutes), then p l a t ed  i n  TSA 
agar  and incubated ae rob ica l ly  fo r  72 hours a t  32' C. 
4. Five  m l  hea t  shocked (COO C. €or 20 minutes),  then p l a t e d  i n  TSA 
0 agar  and mcubated anaerobiza?ly for ?2 hours a t  32 
D. 
C. 
Qua lit a t  i v e  Microbial  Determinations 
From t h e  rou t ine  a i r  and bench top samples, a varying number of p l a t e s  
were randomly se l ec t ed  each week Eor cha rac t e r i za t ion  of colonies.  The 
cha rac t e r i za t ions  included a morphological s tudy of a l l  colonies  on t h e  
p l a t e  by smears made on 15-place m i l l :  s l i d e s .  
examined microscopical ly  and r e s c l t s  recorded. 
The smears were G r a m  s t a ined ,  
In t h e  qual ' i ta t ive microbtal  analyses of s t a i n l e s s  steel s t r i p s ,  only 
chose coioiiiea dzvrlzping f rm hea t  shocked a l i q u o t s  were se l ec t ed  and 
s tudied.  These colonies  were sub-cultured fo r  p u r i f i c a t i o n  and then 
subjec ted  t o  d e t a i l e d  i d e n t i f i c a t i o n  procedures. Thus, f o r  t h e  s t a i n l e s s  
steel  s t r i p s ,  a n  at tempt  rras made t o  cha rac t e r i ze  the  aerobic-, hea t  resistant 
organisms present  (organisms surviving 60 C. for 20 minutes). De ta i l s  of 
t h e s e  methods are out l ined  i n  t h e  follotring paragraphs. 
0 
colonies  i s ~ ~ ~ t ~ ~  f z a  the seaobic  plates, previously inoculated with 
h e a t  shocked a l i q u o t s ,  were t ranszer red  to b r a i n  h e a r t  in fus ion  bro th  tubes 
and incubated a t  32O C. 
growth were s t reaked  on t r y p t i c a s e  soy agar  p l a t e s .  
incubated f o r  24 hours and then colonies vere  t r ans fe r r ed  t o  TAM (Themo- 
ac idurans  Agar Ibdi r ' i ed)  sporu la t ion  s l a n t s  as recommended by Lechowitz and 
O r d a l  (1962). 
Af te r  4 C  hours, cu l tu re s  from tubes demonstrating 
These p l a t e s  were 
Broth tubes shotring no growth were re ta ined  f o r  one week before  
- 
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being discarded as negative. 
0 Smears vere made from TAL s l a n t s  a f t e r  48 hours incubation a t  32 C. 
t o  check f o r  c u l t u r e  pu r i ty ,  G r a m  r eac t ion  and sporulat ion.  
was detected,  s l a n t s  were re-incubated and checks f o r  spores  were made a t  48 
hour in t e rva l s .  k 2 t e r  e iph t  days incubation, i f  no sporulat ion was observed, 
t he  organisms vere t r ans fe r r ed  t o  rrG" medium (Stewart and Eialvorson, 1953) 
and the above procedure repcated. Of  t h e  i s o l a t e s  s tudied,  a t o t a l  of 
t h r e e  have r e s i s t e d  a l l  attempts t o  induce sporulat ion.  
I f  no sporulat ion 
Af te r  spo ru la t ion  vas observed, i s o l a t e s  were i d e n t i f i e d  using procedures 
recommended by S - i t l i ,  Gordon and Clark (1952). A l l  i d e n t i f i c a t i o n s  were 
based on s t a i n i n s  c h a r a c t e r i s t i c s ,  c icroscopic  morphology and biochemical 
react ions.  Ix?o a z g l u t  i n a t  ions  o r  bacteriophage typing were attempted. 
A n~iii3ei oi' thc erZa-Lsns $ i d  x t  f i t  p rec i se ly  i n t o  the  key of Smith, 
et  al .  (1952) nor i n t o  any of the four a d d i t i o n a l  spec ie s  described i n  t h e  
7th Editior. of Berrevs ~ IJanua1 of Determinative Bacter iolom. 
were placed a r b i t - c a r i l y  i n t o  t h e  species category which they most c lose ly  
resembled accordir:e t o  t h e  above two taxonomic schemes. 
These organisms 
0 
A l l  i n i t i a l  i s o l a t i o n s  were made f i ~ m  TSA media a t  32 C.; therefore ,  
c e r t a i n  b a c t e r i a  such as Baci l lus  Searothermophilus ,  which r equ i r e s  an  
incubation ter:lperature of 60 
!?rea or a l k a l i n e  ZrowJth conditions,  vould not have been i s o l a t e d  had they 
0 C., and Baci l lus  p a s t e u r i i ,  which r equ i r e s  
been p resen t  on t h e  s t r i p s .  
E. Dry :-:eat: Then-.a1 Death Times oZ Spore Formin: I s o l a t e s  
Procedures used t o  test  the  s u s c e p t i b i l i t y  t o  dry hea t  of spore 
fonninz b a c t e r i a  i s o l a t e d  from c1ea.i room areas were as follows: 
1. A l l  s i n g l e ,  pure c u l t u r e  i s o l a t e s ,  previously i d e n t i f i e d  and held 
on TSA agar ,  vere streaked on "C" acar (Stewart and Halvorson, 1953) and 
- 20 - 
incubated f o r  46 hours a t  32' C. 
c u l t u r e  p u r i t y  a i d  degree of sporulation. 
not achieved, cu l tu re s  were grown f o r  an  add i t iona l  72  hours. This p r a c t i c e  
assured a s u f f i c i e n t  concentrat ton f o r  prepara t ion  of t h e  test a l i q u o t s  and 
a l l  cu l tu re s  t e s t ed  have reached t h i s  degree of sporulat ion.  
Spore s t a i n s  were prepared t o  check the  
I f  7 0  per  cent  sporu la t ion  was 
2. Two t o  f i v e  i s o l a t e s  of t h e  same organism were t r ans fe r r ed  from 
I t  I 1  0 
mechanical shaker 2nd incubated fo r  72 hours a t  32O C. 
made and, i f  70 per  cent  sporu la t ion  was not evident ,  a n  add i t iona l  48 hours 
of incubat ion was completed. 
t h i s  time, a net7 c u l t u r e  tms prepared frorn the  o r i g i n a l  i s o l a t e .  
G broth ;  the  f l a s k  w a s  hea t  shocked f o r  15 minutes a t  80 C., placed on a 
A spore s t a i n  was 
I f  sporu la t ion  had not  reached 70 per  cent  a t  
3. F011017hg adequate sporulat ion,  t he  temperature of t h e  c u l t u r e  was 
reduced t o  So C. Cor 15 minutes; then 20 m l s  of t h e  c u l t u r e  were t r ans fe r r ed  
t o  a sterile screw cap cen t r i fuge  tube and centr i fuged a t  2,000 rpm f o r  
60 minutes a t  1 C. 
of s ter i le  d i s t i l l e d  water. 
0 The supernatant  tms discarded and replaced with 20 m l s  
4. The r e s u l t i n g  20 m l  suspension w a s  d i l u t e d  t o  obta in  a concentrat ion 
of approximately 100 to  1,000 spores  p e r  0.1 m l  a l iquot .  
t h e  r econs t i t u t ed  spore suspension general ly  y ie lded  t h i s  concentration. 
Spore concentrat ions i n  each a l i q u o t  of t h e  10" d i l u t i o n  were 
A loo5 d i l u t i o n  of 
5. 
determined by p l a t i n g  0.01, 0.05 and 0 . 1 n l  volumes of t h e  spore suspension 
i n  100 m l s  of Tryptone Glucose Y e a s t  extract agar.  
a t  32 
The p l a t e s  were incubated 
0 C. f o r  72  hours and enumerated on a BacEronic Colony Counter. 
0.1 n l  02 d i l u t e  spore  suspension is deposited on a clean, s teri le 6 .  
1" x 2" s t a i n l e s s  steel s t r i p  contained i n  a sterile P e t r i  p l a t e ;  t he  innoculum 
is spread out  with a wire,  and with the Tetri  p l a t e  covers ajar, allowed t o  
dry i n  a hood equipped with an absolute  f i l t e r .  
- 21 - ' .' . .  
7. Four groups (10 s t r ips /group)  were prepared i n  t h i s  manner, A 
1 
p o s i t i v e  con t ro l  tms run  with each c u l t u r e  tes ted .  
I 
8. A t  135' C. one group o f  t e n  s t r i p s  was challenged t o  15 minutes, one 
group t o  30 minutes, one group t o  60 minutes and one group t o  24 hours of 
10. The da ta  are reported as a r a t i o  of  t h e  number of p o s i t i v e  s t r i p s  
(demonstrating growth i n  TGY bro th)  t o  t h e  t o t a l  number of  s t r i p s  t e s t e d  i n  
each series. 
b ro th  before  t h e  r e s u l t  m s  accepted. 
The p o s i t i v e  cont ro l  s t r i p s  had t o  demonstrate growth i n  TGY 
11. Selected tubes of organisms from b o t t l e s  showing growth, as 
I 
i nd ica t ed  by t u r b i d i t y ,  were v e r i f i e d  as similar t o  t h e  o r i g i n a l  c u l t u r e  by 
biochemical, morphological and o the r  rou t ine  microbiological  s tud ies .  
four  rooms studied.  
A. Quant i ta t ive  A i r  and Surface Ilicrobiology 
I 
Quan t i t a t ive  microbial  da ta  from air  and bench top sampling i n  each 
of  t h e  four  i n d u s t r i a l  rooms are summarized i n  Table I. These r e s u l t s  dea l  
22 
- 2 3 -  
other  spec ia l  groups were s tudied.  
The microbial  counts from the  air of these  rooms seemed t o  r e f l e c t  t h e  
impact of d i f fe rences  i n  t h e  degree of con t ro l  measures i n  a very p red ic t ab le  
manner over approximately one order  of magnitude. 
s t r i n g e n t  coritamination precautions also had t h e  lowest number of v i a b l e  
p a r t i c l e s  i n  t h e  air. For example, the area with greatest engineering and 
personnel con t ro l  f ea tu re s  (Hone-flell Room A) yielded a mean count of 0.22 
colonies  per  CU. f t .  This value contrasted with Univac Room E where least 
con t ro l  was exercised and where the  mean colony counts reached 4.20 v i ab le  
p a r t i c l e s  p e r  CU. f t .  
A i r  counts i n  Univac Room D, a region where con t ro l  measures were 
more relaxed than i n  Room A, y ie lded a mean value of 1.43 v i ab le  p a r t i c l e s  
per  cu. f t .  Or, a l l  e igh t  sampling periods microbial  concentrat ions i n  a i r  
of Room D were intermediate  betveen those of Room E and Room A. It is of 
Rooms w i t h  t h e  most 
s p e c i a l  i n t e r e s t  t o  note  t h a t  t h e  mean air counts of less than one colony 
per  CU. f t .  reported f o r  Rooms A and C represent  extremely low microbial  
levels f o r  occupied areas 
h o s p i t a l s  which had been obviously thought t o  represent  t h e  paragon of 
c leanl iness .  
compared, f o r  instance,  to  cr i t ical  areas of 
Sampling da ta  from bench tops showed t h a t  mean concentrations of micro- 
organisms ranned from 7.2 colonies  per Rodac p l a t e  i n  Room A t o  37.6 colonies  
p e r  Rodac i n  Room E. 
extremes of detected contamination. 
i n d i c a t e s  t h a t  sur face  sampling results d id  not reveal t rends which were as 
clear c u t  as those fo r  t h e  a i r .  
t i o n  i n  Room C was apparent ly  responsible fo r  t h e  discrepancy i n  the da ta  
p a t t e r n  because t h i s  area yielded a mean count 22.0 colonies  per  Rodac p l a t e ,  
Mean values  for Rooms C and D f e l l  between these  
Further  review of data  i n  Table I 
An extremely odd d i s t r i b u t i o n  of contamina- 
- 24 - 
but a median va lue  of only 4.0 colonies pe r  
median values  are considered, t h e  bench top 
r e l a t ionsh ip  t o  t h e  degree of contamination 
t h a t  observed €or t h e  a i r  counts. O f  a d d i t  
p l a t e .  However, i f  only the  
concentrat ions demonstrate a 
con t ro l  which appears similar t o  
onal  i n t e r e s t  is the  f a c t  t h a t ,  
regard less  of whether means or  medians are considered. 
demonstrated a predominance of microbial  su r f ace  counts which were c l e a r l y  
lower than those from t h e  o ther  areas. 
BO Charac ter iza t ion  of Room A i r  and Surface Contaminants 
Room A genera l ly  
Over 13,500 colonies  from air and bench top samples %ere i so l a t ed ,  G r a m  
s t a ined  and examined microscopically in  an attempt t o  determine t h e  qua l i ta -  
t ive composition of t h e  microf lora  from t h e  i n d u s t r i a l  rooms. Morphological 
s t u d i e s  of var ious microbial  types among t h e  contaminants and t h e i r  relative 
abundance ind ica ted  t h a t  some di f fe rences  did occur among rooms i n  t h e  same 
bui ld ing  and a l s o  among buildings.  
i l l u s t r a t e  t h e  qualitative breakdotm of microbial  contaminants found i n  air  
and on bench tops of t h e  surveyed s i t e s .  
Data assembled i n  Tables I1 and I11 
Among t h e  i n t e r e s t i n g  differences observed w a s  t h e  high percentage of 
yeas t s  detected on benches of Room C, al though these  organisms were not found 
i n  as high a proport ion i n  the  air of Room C o r  i n  other  rooms sampled. 
Another notevorthy f ea tu re  was t he  very high percentage of diphtheroids  among 
t h e  microf lora  of Rooms D and E as contrasted t o  t h e  not iceably lower 
percentages recorded i n  Rooms A and C. 
i n  Rooms A, C, and D, but  comprised 2.5 per  cent  of colonies  from a i r  and 4.5 
per  cen t  of bench top i s o l a t e s  i n  Room E. 
Elolds were barely d e t e c t e d  o r  absent 
I n  addi t ion  t o  t h e  observed d i f fe rences  i n  t h e  composition of microf lora  
from these  areas, c e r t a i n  s a l i e n t  similarities were a l s o  recognizable. 
would appear t h a t  t h e  predominant b io logica l  contaminants, i n  a l l  room6, w e r e  
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po sed p r i n c i p a l l y  of human o r i g i n  (Gram pos i t i ve  cocc i  and diphtheroids)  as 
t o  t h e  more t y p i c a l  s o i l  and dust  microbes. 
diphtheroids  cons t i t u t ed  a t  least 70-75 per  cent  of t h e  microbial  types 
present.  Another f e a t u r e  of grea t  s ign i f icance  was  t he  f a c t  t h a t  t hese  
da ta  show t h a t  t h e  percentage of "spore fonninz" bac te r i a  ( those which gave 
v i s u a l  evidence of spores  i n  Gram stains) remained r e l a t i v e l y  low (0.5-4.1 
per  cent )  i n  a l l  four  rooms. 
C. Microbial Fall-out Contamination i n  Clean Rooms 
I n  a l l  areas, t h e  cocc i  and 
The i n t e n s i t y  of microbiological contamination from aerial f a l l -ou t  
i n  t h e  c lean  rooms was evaluated by exposure of s t a i n l e s s  s teel  s t r i p s  and 
other aerospace materials placed a t  bench top heights .  
were done i n  Univac Boom D and Honeywell Room A. Supplemental experiments 
tn determine effects of s torage  on contamination l e v e l s  of f a l l -ou t  s t r i p s  
Most of these  s t u d i e s  
were performed i n  t h e  laboratory.  
1. S ta in l e s s  S t e e l  S t r i p  Exposures 
Microbiological analyses of fa l l -ou t  s t r i p s  over a 21 week per iod 
(November, 1964 t o  May, 1965) demonstrated t h e  occurrence of f luc tua t ions  i n  
mean contamination l eve l s  from one sampling per iod t o  the  next. 
microbia l  f a l l -ou t  on t h e  s t r i p s  as detected a t  each t h r e e  week i n t e r v a l  is 
shown i n  Figures  9 and 10. 
each room are also summarized i n  Table IV. 
The accrued 
The tabulated mean p l a t e  counts pe r  s t r i p  f o r  
During almost a l l  sampling periods,  t h e  aerobic ,  non-heat shocked 
samples yielded t h e  highest  counts i n  both Honeywell Room A and Univac 
Roam D. Maximum observed concentrations of aerobic ,  microbial  f a l l -ou t  were 
de tec ted  after t h r e e  weeks exposure when mean counts of between 40 and 45 
v i a b l e  p a r t i c l e s  per  1" x 2" s t r t p  vere reported.  Following t h i s  period, 
several marked f luc tua t ions  between t h i s  level and lesser numbers of aerobic  
28 
Y 5)  
m a  
o w  8 a a  a s  
a a  Y a  
Y %  Y p  
w z  
i 
ii! s W x 
3 
IL t a 
ri 
W m 
0 9 0 8 8 a (u 
('NI OS 2 1 d1YJ.S 7331s SS3lNlVlS/S3W0103 
2 9  
k 
I I t: 
G w 
W a 
a 
a w + 
lL 
W 
2 
m 
n cn 
W 
e 0 s 
(NI 'OS 2 1 d l U C  7331s SS37NIVlS /S3IN0103 
8 0 d 
I W  
30 
- 31 - 
organisms w e r e  observed on s t r i p s  from t h e  Honeywell clean room. 
were a l s o  not iceable  i n  the  anaerobic counts. 
same magnitude and t h e  counts were usual ly  much lower. 
r e s u l t s  were obtained i n  Univac Room D. 
Fluctuat ions 
However, t hese  were not of t h e  
Somewhat analogous 
Spore forming bac te r i a  apparently were present  i n  r e l a t i v e l y  l o w  
numbers on t h e  s t r i p s  exposed i n  both rooms. 
by t h e  f a c t  t h a t  concentrat ions of v i ab le  p a r t i c l e s  de tec ted  i n  heat  shocked 
samples never exceeded a mean count of about four organisms per  s t r i p  and, 
usual ly ,  the value tms lower. 
This concept is  subs t an t i a t ed  
Of g rea t  i n t e r e s t  was t h e  f z c t  t h a t  t hese  data provide evidence ind i -  
ca t ing  t h a t  t he re  was no marked, continuous bui ld  up of microbial  contamina- 
t i o n  on t h e  s t a i n l e s s  steel s t r i p s  over prolonged exposure t i m e s .  
appeared t o  be the  case even f o r  heat r e s i s t a n t  forms. Indeed, i n  Clean Roam 
A, when t h e  room vas t o t a l l y  void of personnel f o r  a period of t e n  days 
preceding t h e  last  s t r i p  analyses,  t h e  contamination levels dropped v i r t u a l l y  
t o  zero. The r e s u l t s  suggest t h a t  contamination was primari ly  contr ibuted by 
t h e  human a c t i v i t y  and, furthermore, t h a t  the  d i e  off and/or blow o f f  of 
organisms may be a s i g n i f i c a n t  factor  i n  reduct ion o r  s t a b i l i z a t i o n  of 
levels of contamination. The data tend t o  confirm previous experiments 
conducted by t h e  Army Biological Taboratories a t  For t  & t r i c k  (Portner, e t  al. 
1964) and t h e  inves t iga t ions  of Favero and coworkers (1965) who s tudied  West 
C o a s t  c l ean  rooms. 
e f f e c t  'I. 
This 
This phenomenon h a s  come t o  b e  known as t h e  "Plateau 
Another important f ea tu re  demonstrated by t h e  f a l l -ou t  da ta  was t h e  
apparent  neg l ig ib l e  d i f fe rences  i_n mean contamination levels on s t r i p s  when 
comparisons were made for  t h e  two rooms. This is somewhat surpr i s ing  i n  
view of the  f a c t  t h a t  t h e  two areas d i f fe red  considerably i n  the  na ture  of 
environmental cont ro ls  exercised over personnel. 
2. I d e n t i f i c a t i o n  of Aerobtc Spore Formers 
Although t h e  counts of aerobic ,  mesophilic, heterotrophic ,  spore forming 
b a c t e r i a  werJ f a r  less than those fo: other  microbial  types,  t hese  organisms 
are u l t imate ly  of extreme importance i n  aerospace b io log ica l  contamination 
control .  This i s  t r u e  Secause some of t h e  aerobic  spore formers are among 
t h e  species  most r e s i s t a n t  t o  s t e r i l i z a t i o n  processes. Therefore, another 
phase of t h i s  i nves t iga t ion  concentratsd on t h e  i s o l a t i o n  and i d e n t i f i c a t i o n  
of t hese  bac te r i a  t o  speciec.  
During the  analyses  of s t a i n l e s s  steel s t r i p s  from t h e  c lean  rooms, 
77 spore forming organisms were i so la ted  and 76 of these  were t e n t a t i v e l y  
i d e n t i f i e d  t o  species.  V i r tua l ly  a l l  of t h e  i s o l a t e s  appeared t o  be very 
common environmental spore forming bac ter ia  (see Table V). The m o s t  
predominant spec ies  among t hese  i s o l a t e s  were Baci l lus  s u b t i l i s  and Baci l lus  
pumilus which together  comprised more than 75 per  cent  of t h e  cu l tu re s  studied. 
F ive  o the r  spec ies  of aerobic  spore formers were a l s o  present  among t h e  
i s o l a t e s  and are l i s t e d  i n  t h e  Table. 
3. Thermal Zesis tance of Spore Forming I s o l a t e s  
Subsequent t o  t h e i r  i s o l a t i o n  and i d e n t i f i c a t i o n ,  t h e  predominant 
spec ies  of aerobic  spore formers were sub-cultured and t h e i r  thennal 
r e s i s t a n c e  t o  dry hea t  treatment v a s  inves t iga ted ,  Spore preparat ions were 
meticulously produced as described i n  t he  protocol  of t h e  methods section. 
Heat r e s i s t a n c e  of t h e  spores vas tested on stainless steel s t r i p s  heated 
t o  135O C. for  per iods ranging from 15 minutes t o  24 hours. 
Resul t s  of t hese  s tud ie s  a r e  summarized i n  Table V I .  Among t h e  spec ies  
t e s t e d ,  Baci l lus  s u b t i l i s  appeared t o  be t h e  most r e s i s t a n t  organism, s i n c e  
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two out of 140 prepara t ions  survived 135O C. f o r  60 minutes. 
s u b t i l i s  and Baci l lus  oumilis demonstrated marked r e s i s t a n c e  t o  dry hea t  
treatment over 30 minutes exposure, but none of the  o the r  spec ies  t e s t e d  
were a b l e  to surv ive  t h i s  t rea tment -  
t h e  f a c t  t h a t ,  ou t  of 350 spore prepLrations subjected t o  thermal t e s t i n g ,  
none survived t h e  13S0 C. temperature f o r  24 hours. 
borne i n  mind t h a t  t hese  were cleaned spore prepara t ions  from pure cu l tures .  
I t  is e n t i r e l y  poss ib l e  t h a t  s u s c e p t i b i l i t y  to heat  treatment may be less 
Both Baci l lus  
Perhaps of g r e a t e s t  s ign i f i cance  is 
However, it must be 
marked when spores  are coated o r  insu la ted  by extraneous organic  matter, s o i l ,  
dus t  o r  are embedded i n  materials, 
4. Fal l -out  on P l a s t i c s  and idetal l ic  S t r i p s  
Because var ious aerospace materials d i f f e r s  widely i n  composition and 
su r face  p rope r t i e s ,  i n t e r e s t  was  expressed i n  whether o r  not they might a l s o  
d i f f e r  i n  t h e i r  a f f i n i t y  f o r  a t t r a c t i n g  cumulative microbia l  contamination 
from f a l l - o u t  i n  c l ean  rooms. I n  order to i n v e s t i g a t e  t h i s  question, a 
combination of p l a s t i c  and metallic materials were exposed t o  f a l l - o u t  i n  
Univac Room D frorn June t o  November, 1965. 
i n i t i a l l y  and a t  t h r e e  week i n t e r v a l s  s t r i p s  were analyzed f o r  aerobic ,  
anaerobic  and hea t  r e s i s t a n t  forms as descr ibed i n  t h e  s e c t i o n  deal ing with 
methodology. 
A t o t a l  of 196 s t r i p s  were exposed 
Resu l t s  of these  experiments a r e  i l l u s t r a t e d  i n  graphs of Figures 11 
and 1 2  which shov t h e  f luc tua t ions  i n  l e v e l s  of microbial  contamination as 
de tec t ed  a t  each t h r e e  week sampling in t e rva l .  A s u m a r y  of t h e  aggregate  
mean counts  as ca lcu la ted  €or a l l  mater ia l s ,  a l l  p l a s t i c s  and a l l  metals, by 
groups, is presented i n  Table V I I .  
For  a l l  materials s tudied  throughout t h i s  experiment, t h e  g r e a t e s t  
p ropor t ion  of f a l l - o u t  contamination was from organisms t h a t  grow under 
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condi t ions of aerobic  cu l ture .  
aluminum i n  t h e  f i r s t  sampling period), t h e  aerobic  counts were p e r s i s t e n t l y  
higher than those f o r  o ther  groups. 
from d i f f e r e n t  materials ranged frcm approximately 140 t o  300 v i a b l e  p a r t i c l e s  
per  1" x 2" s t r i p .  
but  t hese  maximum counts did not  occur simultaneously on a l l  materials. 
Highest concentrat ions were detected on t h e  p l a s t i c s  and s t a i n l e s s  steel 
where mean counts, on occasion, were g r e a t e r  than 200 v i a b l e  p a r t i c l e s  pe r  
s t r i p .  However, considerable f luc tua t ion  i n  counts were observed throughout 
t h e  t i m e  of t h i s  study and t h i s  phenomenon occurred on most materials. 
With only two exceptions (copper and 
Maximum mean values  f o r  aerobic  colonies  
Peak values were observed on both p l a s t i c s  and metals,  
Counts of microorganisms capable of growth under anaerobic condi t ions 
were genera l ly  much lower than those f o r  aerobic  types. 
sampling per iods,  t h e  anaerobic colony counts exceeded 100 v iab le  p a r t i c l e s  
pe r  s t r i p  (see hc i te ,  aluminum, copper). 
However, on a few 
Lowest  counts f o r  t h e  microbial  groups s tudied  were those f o r  t h e  
spore forming bac ter ia .  
c u l t u r e s  demonstrate t h a t  levels of de tec tab le  spore formers genera l ly  ranged 
between mean counts of approximately 10 t o  40 organisms per  s t r i p .  
f l uc tua t ions  w e r e  a l s o  not iceable  i n  t hese  counts, they did not vary widely 
from one sampling per iod t o  t h e  aext. 
The data for  hea t  shocked aerobic  and anaerobic 
Although 
A survey of t h e  graphs (Figures 11 and 12) from t h i s  experiment does 
not  reveal any s t r i k i n g  d i f fe rences  i n  l eve l s  of cumulative f a l l -ou t  which 
might be a t t r i b u t e d  t o  d i f fe rences  in materials. 
per iods,  t h e  p l a s t i c s  yielded higher microbial  concentrations than metals 
such as aluminum, so lder  o r  copper. 
throughout t h e  experiment. 
s i g n i f i c a n t  d i f fe rences  could be discerned among t h e  var ious materials exposed 
For c e r t a i n  sampling 
However, t h i s  t rend w a s  not sus ta ined  
I n  f a c t ,  a t  t h e  end of t h e  21  week period, no 
I 
t 
to €al l -out  e f f e c t s  (see Table VII). 
An important f e a t u r e  of t h i s  study vas t h e  f a c t  t h a t ,  again,  t h e r e  
was no evidence which suggested any continuous bu i ld  up of microorganisms 
over  prolonged exposure t i m e s .  This s i t u a t i o n  preva i led  f o r  a l l  types of 
materials te,ted. Thus, t hese  da ta  i.rovide a d d i t i o n a l  support ing evidence 
f o r  t he  s ta tements  by o the r  ir&vestigato::s who have suggested t h e  occurrence 
of t h e  ' 'plateau phenomenon" i n  c h n  room fa l l -ou t  s tud ies .  
s i t u a t i o n  arises f r m  an  equflibrium between rates of deposi t ion o f  new 
contaminants and rates of 103s through die-off  a r d  o ther  mechanisms causing 
a decrease i n  r e s i d u a l  numbers on the  s t r i p q n  
Apparently t h i s  
Another noteworthy aspect of t h i s  experiment was t h e  f a c t  t h a t  t h e  
microbia l  counts on s t a i n l e s s  steel in  t h i s  series (Figure 1 2 )  g r e a t l y  
exceeded previous levels a t t a i n e d  i n  Room D during a n  e a r l i e r  study shown i n  
Figure 10. 
s t r i p  w e r e  detected during t h e  e a r l i e r  analyses  done over a winter-spring 
period. 
during t h e  summer-fall s t u d i e s  shown i n  Figure 12. 
is a r e f l e c t i o n  of seasonal  influences,  with a t t endan t  changes i n  a i r  mass 
c h a r a c t e r i s t i c s ,  caused by differences i n  personnel a c t i v i t y ,  o r  by 
d i f f e rences  i n  personnel physiology, etc. remains unknown. 
ga t ions  of seasonal  effects and other a spec t s  of human shedding phenomena 
m i g h t  assist i n  c l a r i f y i n g  t h i s  cpestion, 
D. 
Nean aerobic  courits of  no g r e a t e r  than 40 v iab le  p a r t i c l e s  pe r  
This i s  i n  marked c o n t r a s t  to the  peak counts of 150 t o  250 organisms 
Whether t h i s  phenomenon 
Further  i n v e s t i -  
Laboratory Tests of Microbial  Fall-out and Die-off 
Follox?ing the  inves t iga t ions  of  cumulative fa l l -ou t  on s t r i p s  i n  
c1-n rooms, t h e  question a rose  as to  vhether  die-off was B major cont r ibu t ing  
f a c t o r  t o  t h e  observed r e t a r d a t i o n  i n  microbial  bu i ld  up o r  t he  equi l ibr ium 
phenomena. There fjas f u r t h e r  speculat ion about t h e  e f f e c t s  Of a i r  Currents 
- 41 - 
which might svleep organisms of f  s t r i p s  a f t e r  i n i t i a l  deposit ion.  
reason a supplemental experiment was run t o  inves t iga t e  t h e  poss ib le  e f f e c t s  
of microbial  die-off as contrasted with blow off on exposed s t r i p s .  
For t h i s  
For the  e>qJerirnent, a t o t a l  of 168 steri le s t a i n l e s s  steel s t r i p s ,  
ind iv idua l ly  placed i n  bottom halves  of Rodac p l a t e s ,  were set out  a t  t h r e e  
d i f f e r e n t  sites (56 s t r i p s  per  s i te)  on the  open laboratory benches. 
a 14 day period,  4. s t r i p s  were col lec ted  da i ly  from each s i t e  (a t o t a l  of 12 
per  day) and processed. 
were analyzed immediately, while t he  other s ix  were covered with sterile 
Rodac tops,  s tored  a t  ambient room conditions f o r  two weeks, and then p l a t ed  
f o r  counts of v i a b l e  p a r t i c l e s .  The protocol fo r  microbiological  ana lys i s  
was as described previously,  except t h a t  only aerobic  c u l t u r e s  w e r e  done. 
Over 
From each day's total of 1 2  s t r i p s ,  h a l f  of these  
Thus, t h i s  experiser,t attempted t o  fo l lcv  the cmmlet ive  bui ld  '-lp of 
t o t a l  aerobic  counts and aerobic  heat r e s i s t a n t  forms on a day-by-day bas i s  
over t h e  two week period. 
of da ta  from s t r i p s  p l a t ed  immediately t o  those covered and s to red  for two 
weeka might provide a means for  evaluation of t h e  die-off pa t te rns .  
Simultaneously, i t  was expected t h a t  a comparison 
Ranges of t h e  aerobic  t o t a l  counts var ied  widely as may be noted i n  
t h e  graphs of Figures 13 and 14. 
phases of t h e  sampling period. 
r e f l e c t i o n  of va r i a t ions  i n  the  in t ens i ty  of fa l l -ou t  contamination i n  
c e r t a i n  l o c a l  exposure sites. 
This was espec ia l ly  t r u e  i n  the  e a r l y  
It is poss ib l e  t h a t  these  data may be a 
Mean values  for both t h e  s t r i p s  p l a t ed  immediately a f t e r  exposure and 
those  s t o r e d  for tvo weeks showed day-to-day f luc tua t ions .  
concent ra t ion  of contamination on s t r i p s  p l a t ed  innnediately following 
exposure was approximately 40 t o  50 v iab le  particles per s t r i p .  
e i g h t  days 02 =Tosure t i m e ,  t h e  mean values  fo r  these  s t r i p s  remained a t  
The highest  mean 
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THE MEAN AND RANGE OF TOTAL COUNTS PER I"x  2" 
STAINLESS STEEL STRIP EXPOSED IN L A B  I TO 14 
DAYS, COVERED TWO WEEKS, AND THEN PLATED 
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I 
l e v e l s  of about 30 t o  40 colonies  pe r  s t r i p ,  apparent ly  reaching a p la t eau  
during t h i s  t i m e  without any f u r t h e r  bui ld  up being detected.  
With t h e  exception of counts for  t h e  second day's exposure, t h e  s to red  
s t r i p s  yielded d a i l y  mean values  considerably lower than those  f o r  s t r i p s  
p l a t ed  immediately. 
s t o r e d  s t r i p s  never exceeded 10 colonies p e r  s t r i p  throughout t h e  last  12 
days of t h e  study. 
s t r i p .  
As shown i n  Figure 14, t h e  mean colony counts f o r  t h e  
Often t h e  mean values were less than 10 colonies  per  
Since t h e  s to red  p l a t e s  weze covered u n t i l  analyzed, it is doubtful  
t h a t  air cu r ren t s  could have been responsible  fo r  t h e  reduct ion  i n  counts 
of v i a b l e  p a r t i c u l a t e s .  These da ta  ind ica t e  t h a t  t he  die-off of deposited 
microf lora  vas r a t h e r  ex tens ive  under t h e s e  simple condi t ions  of s to rage  and 
p r o t e c t i o n  from f u r t h e r  €all-out, 
it  appears t h a t  die-off through a two week s to rage  per iod e f f ec t ed  a reduct ion  
of from 60 t o  75 pe r  cen t  of t h e  common aerobic  microf lora  deposited on t h e  
stainless steel s t r i p s .  
On t h e  b a s i s  of t hese  preliminary data, 
Resu l t s  from the  counts of hea t  r e s i s t a n t  microorganisms under similar 
condi t ions  of t reatment  are extremely d i f f i c u l t  t o  i n t e r p r e t .  
are presented  i n  Figures  15 and 16. 
t h e  ranges and mean counts pe r  s t r i p .  
apparent  s p o t t y  d i s t r i b u t i o n ,  and very low levels of spore formers, no 
extensive conclusions regarding cumulative bu i ld  up o r  die-off can be  drawn 
from these l imi ted  observations.  Additional s tud ie s ,  perhaps i n  areas with 
a g r e a t e r  i n t e n s i t y  of spore deposi t ion o r  with more prolonged exposure times, 
might fu rn i sh  use fu l  information concerning t h e  spore formers and t h e i r  
b u i l d  up and s u r v i v a l  t i m e s  on surfaces  Of i n t e r e s t .  
These data 
Wide f luc tua t ions  were observed i n  both 
Because of t he  v a r i a t i o n s  i n  counts, 
" 45 * 
E. Statistical Evaluations of Clean ~ o o m  Data 
Analyses of variance were computed t o  confirm the over-all impressions 
concerning statistically significant differences in contamination levels 
between rooms with varying control procedures (as measured by surface contamination 
levels). 
cent confidence level between the relatively well controlled Honeywell rooms 
and the relatively uncontrolled Univac rooms. However, from a practical 
point of view the actual difference of no more than one order of magnitude 
suggested that the use of conventional clean room facilities as such, would 
not be justified for space hardware assembly from a microbiological contamina- 
tion reduction view point. 
As was expected, there vas a significant difference at the 95 per 
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EXPERIMENTS C O N C ~ N E D  I~~ITH M N CGEJTACT AS A SOURCE OF EIIICROBIAL CONTAMINATION 
ON AEROSPACE MATERTAIS 
I. BACKCXOUM) INFOeMATION 
Previous research  has accmula ted  evidence t h a t  human beings are a 
p r i n c i p a l  source oE microbial  contaminants i n  c lean  room environments. This 
appears t o  be t h e  case fo r  s p e c i a l  hosp i t a l  f a c i l i t i e s  as w e l l  as i n d u s t r i a l  
areas. Therefore, information concerned with contamination levels t r ans fe r r ed  
by workers i n  c l ean  roam assembly processes,  as well as t h e  e f f i cacy  of con t ro l  
procedures, are obviously of i n t e r e s t  t o  the  aerospace program. 
Hand contac t  appears t o  be one o f  t h e  important mechanisms f o r  t rans-  
mission of indigenous and t r a n s i e n t  microflora from the assembly l k e  
technic ian  t o  his immediate surroundings. Because they come i n t o  in t imate  
contac t  with t h e  nose, mouth, bo6y surfaces ,  and c lo th ing  as w e l l  as dust ,  
so i l ,  and numerous contaminated objects ,  t h e  worker's hands are aspec ia l ly  
vulnerable  to  t h e  accumulation 01 heavy contamination. 
For t h i s  reason a series of experiments were conducted i n  t h e  labora tory  
i n  order  t o  explore  several f a c e t s  of t h i s  problem. 
were d i r ec t ed  pr imar i ly  toward analyses of t he  ex ten t ,  pe r s i s t ence  and con t ro l  
of microbia l  contamination o r d i n m i l y  t r ans fe r r ed  to  materials by hand contact .  
During these  inves t iga t ions ,  major emphasis w a s  r'ocuSd Cjfi the f G l ? G ; ? i Z g :  
Studv A - Ail rnFlpsi-s 0,: t1.e degree of contamination deposited 
on difze-rent component mate i ia l s  by contac t  and manipulation 
wi th  hands and f ingers .  
Studv B - FA determination of die-off rates of ne tu ra l ,  hetero-  
geneous microbia l  populations deposited on sur faces  of various 
These inves t iga t ions  
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materials by human handling. And a microscopic and morpho- 
I 
l o g i c a l  cha rac t e r i za t ion  of t h e  survivors  following prolonged 
storage.  
Studv C - f,n ana lys i s  of heat  s u s c e p t i b i l i t y  of heterogeneous 
microf lora  deposited on s t a i n l e s s  steel by hand contact.  
Studv D - Inves t iga t ions  concerned with t h e  e f fec t iveness  of 
d i f f e r e n t  cont ro l  measures f o r  reducing microbial  contact  
contamination i n  simulated small component assembly processes. 
11. IETHODS 
Materials used i n  these  experiments were selected as being representa- 
t i v e  of some typica l ,  common types found i n  aerospace components. Tes t s  
were conducted on 1" x 2" s t r i p s  of t h e  fo l lov ing  seven p l a s t i c s  and metals: 
(a )  28 sauze s t a i n l e s s  steel with a iqo. 5 or  6 f in i sh ;  (b) 1/32" aluminum; 
(c) 1/32" epo::y g l a s s  laminate; (a) 1/16" copper covered epoxy laminate; 
(e) 2 02. r o l l e d  copper p l a t ed  v t t h  lead-t in  so lder ;  ( f )  1/16" l u c i t e ;  
(g) 1/32" te f lon .  Simulated component assembly trials were done with 1/4" 
steel machine screws, washers and nuts. 
A l l  materials were thoroughly cleansed by washing, i n  turn,  with hot  
de te rgent  so lu t ion ,  hot t a p  water, hot d i s t i l l e d  water, isopropyl alcohol,  
and then e ther  r insed  and drained dry. 
90 minutes vas used t o  k i l l  any remaining microorganisms (except fo r  hea t  
l a b i l e  materials which were steam autoclaved a t  l l O o  C. f o r  30 minutes). 
Dry h e a t  s t e r i l i z a t i o n  a t  180' C. for 
Levels of contamination r e su l t i ng  from human handling (Study A)  were 
determined using t h e  1" x 2" s t r i p s  of d i f f e r e n t  materials. 
of material were contaminated simultaneously. 
A l l  seven types 
The s ter i le  s t r i p s  were 
handled according to  a s t a t i s t i c z l l y  designed, randomized protocol.  
group of four laboratory workers (tvo males and two females) handled the  
A 
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s t r i p s  i n  each trial. 
hoped t h a t  much of the  expected individual  v a r i a b i l i t y  could be  counteracted.  
The workers were posi t ioned along a laboratory bench t o  s i m u l a t e  an  assembly 
l ine .  
f ingers ,  turned it over once and then passed i t  on t o  the  next ind iv idua l  
i n  l i ne .  
analyzed. 
of each material. 
By having each s t r i p  handled by four  persons, it w8s 
The f i r s t  person of the  group picked up t h e  s t r i p ,  manipulated i t  wi th  
S t r i p s  were u l t imate ly  co l l ec t ed  i n  s te r i le  P e t r i  dishes  and 
A to ta l  or' four trials were conducted, each cons i s t ing  of 25 s t r i p s  
Asept ic  microbiological  teclmlques were scrupulously observed i n  t h e  
analyses.  
(48' C.), 11/15 phosphate buf fer ,  pH 7, with 0.02% Tween "20", and shaken on 
a shaking machine fo r  f i v e  minutes. Then s t r i p s  were removed, embedded i n  
P e t r i  d i shes  containing 15 m l  of molten t r y p t i c a s e  soy aga r  (TSA), and 
incubated a t  32' C. f o r  72 hours a f t e r  which a colony count w a s  made. 
I n  randomized order,  each s t r i p  was placed i n  25 m l  of warmed 
The t o t a l  25 m l  bu f fe r  e l u a t e  for  each s t r i p  vas poured i n t o  a 150 uun 
P e t r i  d i s h  containing a previously prepared 2 mm s o l i d i f i e d  TSA agar  base. 
The shaker  b o t t l e  vas r insed  w5t5 approximately 25 m l  of molten TSA agar  
which was added t o  the  e l u a t e  p la te .  
aga r  w a s  added t o  the dish t o  complete the  pour p l a t e .  
i n  s p e c i a l  cab ine ts  equipped *7i tE .  absolute  f i l t e r s .  
incubat ion a t  32 
Last ly ,  an add i t iona l  100 m l  of molten 
A l l  p l a t i n g  was done 
Af te r  72 hours of aerobic  
0 C., colonies  were counted with a Bactronic Colony Counter. 
Total counts of v i a b l e  p a r t r c l e s  l o r  each s t r i p  comprise t h e  e l u a t e  
counts p lus  the  count of r e s idua l  colonies detected on the  embedded s t r i p .  
Data are repor ted  as v i a b l e  colonies  p e r  s t r i p .  %th each series, steri le 
s t r i p s  ~7ere processed as cont ro ls  t o  check on t h e  techniques i n  p la t ing .  
The ana l r se s  of microbial  die-off rates (Study "B") were also performed 
However, i n  t h i s  s e r i e s ,  each type of on a l l  seven types of s t r i p  mater ia ls .  
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material uas assayed i n  a sepa ra t e  t r ta l .  
t hese  s t r i p s  by manipulation as out l ined €or Study '!A". 
Groups of four  persons contaminated 
Se t s  of 50 s t r i p s  were analyzed immediately a f t e r  contamination. S imi la r  
sets of contaminated s t r i p s  (50 per  s e t  Eor per iods through 1 week, 25 p e r  
set f o r  longer time i n t e r v a l s )  17ere s tored  i n  s t e r i l e  P e t r i  dishes  a t  72 2 
4" F. and 60 2 10% B.H. 
made Z f i C i  1, 2 a& 3 days nnd after 1: 2, 5 ,  1 2  and 20 weeks following 
contamination. 
Counts of microorganisms surv iv ing  s to rage  were 
Quant-itative microbiological  analyses  of these  s t r i p s  folloxaed t h e  
pro tocol  described l o r  Study "A". 
v i a b l e  p a r t i c u l a t e s  on t h e  s tored  s t r i p s ,  examinations of t he  long term 
surv ivors  were a l s o  made. Gram stains of t h e  i s o l a t e s  from colonies  developed 
i n  p l a t ed  e lua t e s  of 12 and 20 ~-7.reek strips vere s tudied  and t h e  microscopic 
morphology vas used t o  cha rac t e r i ze  the  predominant microbial  types among 
st;mivors. 
In a d d i t i o n  t o  the  determination of 
The r rLd  des t ruc t ion  t i m e s  f o r  heterogeneous contamination, n a t u r a l l y  
deposi ted by handling, wxe studied using s t a i n l e s s  steel (Study "C"). 
Approximately 250 1'' x 2" steel  s t r i p s  were thoroughly cleansed v i t h  a 
detergent-water-alcohol treatment and then s t e r i l i z e d  i n  P e t r i  dishes  a t  
330° F. f o r  two hours. 
~ ~ I l c v ~ ~ g  s t e r i l i z a t i o n ,  a l l  s t r i p s  were subjected t o  ex tens ive  con- 
tamination from f i n g e r s  and hands of four  operators  who handled each s t r i p  
sepa ra t e ly  i n  manfpulations s i m i l a r  t o  those  described €or Study "A". Con- 
taminated s t r i p s ;  were co l l ec t ed  i n  5ive steri le 150 mm x 25 mm P e t r i  dishes  
( i n  l o t s  of 50 p e r  dish) .  
F i f t y  s t rLps  ( t en  from each dish were analyzed immediately f o r  an  
i n i t i a l  count of v i a b l e  p a r t i c l e s  p e r  s t r i p  i n  order  t o  determine t h e  mean 
? 
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I 
load of t h e  deposited contamination. Vith a sterile forceps,  t h e  remaining 
200 s t r i p s  were placed i n t o  individual  s ter i le  P e t r i  dishes and so r t ed  i n t o  
four blocks of 50 s t r i p s  pe r  block. 
predetermined exposure t i m e  i n t e i v a l  a t  a constant  temperature of 135 
a dry h e a t  convection oven equipped with a 24 hour recording thermometer. 
Exposure times weze 15 minutes, 30 minutes, 80 minutes and 24 hours. 
Each block vas then subjected t o  a 
0 
C. i n  
Fcl,l,c~.~ing the hea t  treatment, s te r i le  forceps were used t o  t r a n s f e r  
each s t r i p  i n t o  a screw cay b o t t l e  containing 50 m l s  of t ryptone glucose 
0 y e a s t  extract broth. The b o t t l e s  were fncubated f o r  14 days a t  32 C. and 
then checked v i s u a l l y  f o r  growth as indicated by t u r b i d i t y .  
E f fec t s  of s p e c i a l  contamination con t ro l  procedures (Study '9'') were 
evaluated by s imulat ing component production operat ions through t h e  assembly 
of previously s t e r i l i z e d  l/&" steel machine screws, washer and nut combina- 
t i ons .  Four operators ,  two m a l e  and two female, each assembled 20 u n i t s  which 
were co l l ec t ed  i n  s ter i le  P e t r i  dishes l abe l l ed  f o r  each person. Benches 
where assembly was done were previously cleansed with 70% ethanol. 
A f t e r  a l l  "components" were completed, groups of f i v e  u n i t s  from each 
ind iv idua l ' s  assemblies were placed i n  b o t t l e s  of bu f fe r  s o l u t i o n  and 
analyzed by t h e  method described i n  Study '(A". 
t i v e  s t u d i e s  were made of t h e  follorring: 
IJith t h i s  technique compara- 
1. %en laboratory assembly with 
a. no hand care 
b. 
c. tvo minute Phisohex Tiash 
Assembly i n  a s p e c i a l  cabinet purged by an abso lu te  f i l t e r e d  a i r  
two minute Ivory soap wash 
2. 
stream. 
cmbina t ions  and a11 a d d i t i o n a l  experiment using a two minute Phisohex wash 
Units were assembled with hand care similar t o  open laboratory 
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plus  steri le gloves. 
111. RESULTS 
A l l  da ta  obtained from t h i s  inves t iga t ion  deal  only with the  aerobic,  
mesophilic, heterotrophic  microorganisms. No attempt was made t o  enumerate 
o ther  physiological  forms. 
r e f e r  only t o  a f r a c t i o n  of t h e  t o t a l  b io log ica l  contamination and obviously 
dz Cot represent a t n t a l  microbial  count. 
which were s tudied  appear t o  be among t h e  most f requent ly  occurr ing forms 
and thus serve as use fu l  i nd ica to r s  of contamination. 
ThereSore, r e s u l t s  discussed i n  t h i s  s ec t ion  
However, t h e  group of microorganisms 
Data i n  Table VI11 i nd ica t e  the d i f fe rences  i n  average numbers of 
microorganisms which were deposited on component materials when handled by 
groups of individuals.  These r e s u l t s  show t h a t  observed mean concentrat ions 
of microbial  contamination d i f f e red  frm one graup t o  t h e  next,  and apparent ly  
r e f l e c t e d  t h e  inf luence of l a r g e  individual  v a r i a b i l i t y .  Furthermore, t he  
mean levels of contamination a l s o  var ied with t h e  type of material tes ted.  
With t h e  exception of so lde r  s t r i p s ,  the  mean levels of contamination 
deposited by persons i n  Group A were cons i s t en t ly  higher  than those of Group 
B. 
of intermediate  levels. 
microbia l  deposi t ion from Group A, t h e  g r e a t e s t  accumulated mean contamination 
occurre:! or? l_r?cite and epoxy laminate, with approximately 63 and 33 v i a b l e  
p a r t i c l e s  per  s t r i p ,  respect ively.  Scrut iny of combined means f o r  a l l  groups 
provides  evidence which suggests tha t  g rea t e r  numbers of v iab le  p a r t i c l e s  are 
r e t a i n e d  on n o n m e t a l l i c  materials than on metallic materials under similar 
condi t ions  of contamination. 
Data f o r  Groups C and D i nd ica t e  t h a t  contamination from these  groups was 
Under t h e  conditions of genera l ly  more in tense  
There is reason t o  suspect tha t  some of the  v a r i a b i l i t y  observed i n  
con tac t  contamination is caused by physiological  d i f fe rences  among personnel. 
c 
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Skin condi t ions,  ind iv idua ls  recovering from colds ,  previous contac t  with 
o the r  contaminated areas, e t c .  may a l l  in f luence  l e v e l s  of depos i t ion  from 
t i m e  t o  t i m e .  A t  t h e  present  t i m e ,  t h e  extent  of t hese  inf luences have not 
been evaluated. 
The experi-mental r e s u l t s  obtained from analyses  of microbia l  su rv iva l  
on t h e  seven d i f f e r e n t  materials demonstrated i n t e r e s t i n g ,  recognizable 
d i f fe rences  (see r i g u r e s  17 through 22). 
concentrat ions of microorganisms i n i t i a l l y  deposited by handling of t he  
materials varied widely. 
were detected on s t a i n l e s s  steel, while a mean l e v e l  of only 17.7 v i ab le  
p a r t i c l e s  per  s t i - ip  occurred on aluminum. 
r e s u l t e d  from di f fe rences  i n  c l ean l ines s  of hands, o r  i n  shedding from hands, 
of t h e  persons p a r t i c i p a t i n g  i n  these s tud ies .  
handled by d i f f e r e n t  groups of individuals  on d i f f e r e n t  days, such v a r i a t i o n  
i n  concentrat ions of i n i t i a l  contamination might b e  expected. 
These graphs show t h a t  t h e  mean 
For example, mean values  of 240 v i a b l e  p a r t i c l e s  
Presumably these  v a r i a t i o n s  
Since these  materials were 
Informatilon co l l ec t ed  during these experimental t r ia ls  demonstrated 
c e r t a i n  t rends  i n  microbia l  su rv iva l  on the  materials s tudied.  S t a i n l e s s  
steel, aluminum and t e f l o n  (Figures 17, 18 and 22) yielded f a i r l y  clear cu t  
p a t t e r n s  suggesting a progress ive  die-off of microflora .  
vas not iceable  on the  so lde r  s t r i p s  as shown i n  Figure 19. 
high count obtained on one of the  seven day so lde r  s t r i p s  vas responsible  f o r  
t h e  high mean number of surv ivors  calculated f o r  t h a t  day. 
a p o s s i b i l i t y  t h a t  extraneous contamination had occurred i n  t h i s  sample, t h e  
dot ted  bar  vas used on t h e  graph. 
A similar t rend 
An except ional ly  
Since the re  w a s  
The pa t t e rns  of reduct ion i n  microf lora  counts on s to rage  of copper, 
epoxy and l u c i t e  materials showed considerable v a r i a t i o n s  from any progressive 
die-off  trend. As ind ica ted  by Figures 20, 2 1  and 23, marked f luc tua t ions  i n  
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mean counts were observed on these  mater ia l s ,  even as late as 14 t o  42 days 
a f t e r  storage.  A t  t h e  moment, these  apparent anomolous f luc tua t ions  are 
d i f f i c u l t  t o  i n t e r p r e t .  
mass, humidity and other f ac to r s  of storage may have some e f f e c t s  OR t h i s  
phenomenon. 
The composition of  materials, changes i n  room a i r  
A compilation of a c t u a l  mean count va lues  f o r  t h i s  study o f  microbia l  
srrrvival on materials is presented i n  Table IX. From these  data ,  it is 
evident  t h a t  h ighes t  die-off rates were observed on s t a i n l e s s  steel, where 
mean counts dropped from 239 v i a b l e  p a r t i c l e s  pe r  s t r i p  t o  less than one, 
over a per iod of 20 weela storage.  Thus, i t  appears t h a t  s i m p l e  s to rage  
e f f ec t ed  a 99 per  cent  reduct ion i n  t h e  mean microbia l  p l a t e  count f o r  t h e  
steel s t r i p s .  
concentrat ions of less than t w o  orzanisms per  s t r i p  a f t e r  20 weeks. This 
va lue  represents  a 90 per  cent  reduct ion from the  i n i t i a l  contamination 
l e v e l s  deposited on these  mater ia l s .  
The aluminum s t r i p s  and s o l d e r  p l a t ed  s t r i p s  yielded mean 
Lovest rates of die-off were observed on copper s t r i p s  and on the  non- 
metallic materials (epolcy laminate, l u c i t e  and te f lon) .  Although y ie ld ing  
lowered mean counts following storage,  t hese  s t r i p s  s t i l l  re ta ined  mean 
contamination levels of 7 t o  29 viable  p a r t i c l e s  p e r  s t r i p  a t  t he  end of 20 
weeks s torage.  
copper. 
Highest mean numbers of 20 weeks surv ivors  were found on t h e  
I n  conjunction with t h e  s tudtes  of microbial  die-off under s torage ,  
a p a r a l l e l  series of analyses  provided d a t a  on the  c h a r a c t e r i s t i c  types of 
organisms surv iv ing  t h e  s to rage  periods between 1 2  and 20 weeks. 
of microbia l  types among 1,513 survivors  i s o l a t e d  from s tored  s t r i p s  is  
shotm i n  t h e  da ta  oE Table X. 
A breakdown 
By f a r  t h e  predominant group of organisms i s o l a t e d  from these  materials 
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were the  &am p o s i t i v e  b a c i l l i .  In almost every case,  this group comprised 
over 90 per cent  of t h e  i s o l a t e s  from colonies  on s t r i p s  p l a t ed  a f t e r  12 t o  
20 weeks. Only i n  the  analyses  of the  so lde r  s t r i p s  were the  Gram p o s i t i v e  
cocc i  found i n  g r e a t e s t  abundance. However, t hese  data  appear anomolous 
when compared t o  those f o r  o ther  mater ia l s  and, s ince  some problems of media 
contamination occurred during analyses of so lder ,  t h e  v a l i d i t y  of t hese  
data remzixie questionable.  Other forms of microorganisms, such as yeasts, 
molds, Gram negat ive bac te r i a ,  etc.  were e i t h e r  not  detected o r  made up less 
than 10 per cent  of t h e  t o t a l  i so la tes .  
the  f a c t  t h a t  t hese  determinations revealed a very  high proport ion of poten- 
t ia l  spore  forming spec ies  among t h e  microbial  types surviving a f t e r  12 and 
20 weeks on these  materials. 
spectrum uhich $6 of g r e a t e s t  concern t~ persons involved i n  spacec ra f t  
s t e r i l i z a t i o n  programs. 
Of g r e a t  p o t e n t i a l  importance was 
It is prec ise ly  t h i s  f r a c t i o n  of t he  microbia l  
Because sporeformers were detected among contaminants on handled s t r i p s ,  
t h e  question concerning t h e  ease of d r y  hea t  s t e r i l i z a t i o n  arose.  
reason, t h e  hea t  s u s c e p t i b i l i t y  of the heterogeneous microf lora  deposited on 
s t a i n l e s s  steel by hand contac t  IXBS inves t iga ted  i n  a s i n g l e  experimental 
series. 
descr ibed previously.  
%-=e the detec tab le  contamination achieved. 
For t h i s  
The 250 s t r i p s  analyzed had been contaminated by handling a8 
An i n i t i a l  mean level of 76.5 v i a b l e  p a r t i c l e s  per  s t r i p  
This load -8 subjected t o  t h e  
heat treatment process.  
The r e s u l t s  of t h i s  experiment are presented i n  Table X I .  Of t h e  total 
0 200 s t r i p s  exposed t o  135 C., only tvo demonstrated growth i n  media tubes 
a f t e r  hea t  treatment.  These were from groups of s t r i p s  exposed f o r  t h i r t y  
minutes or less. More s i g n i f i c a n t  is the f a c t  t h a t  no growth was observed 
from any cu l tu red  s t r i p s  which had been t r e a t e d  a t  135O C. fo r  one hour or 
6 7  
TABLE XI 
EFFECT OF DRY HEAT TREATMENT ON HETEROGENEOUS 
CONTAMINATION NATURALLY DEPOSITED ON STAINLESS 
STEEL STRIPS BY HANDLING 
number of 
contaminated 
strips* tested 
holding time number of strips 
at showing growth 
I S 0  c after heating 
50 
50 
50 
50 
15 min. 
30 min. 
60 min 
24 hrs. 
~ 
I 
I 
0 
0 
"Analyses of 50 additional strips indicated a 
mean contamination level of 76.5 colonies per 
strip and a range of 7 to 461 colonies per strip. 
longer. 
g rea t e r  than one hour a t  135 
na t ion  load or' 76.5 v i a b l e  p a r t i c l e s  per s t r i p ,  i f  t he  contaminants are 
similar to  the  heterogeneous mixtures ord inar i ly  deposited from handling. 
Thus, these  preliminary d a t a  suggest tha, dry hea t  exposure t i m e s  of 
C. may be adequate t o  s t e r i l i z e  a mean contami- 
0 
Studies  concerned with the  e f fec t iveness  of d i f f e r e n t  cont ro l  measures 
f o r  reducing microbial  contact  contamination were a l s o  of a preliminary nature.  
Nevertheiess, rhe  data frm errpo-ri~~encs tjith przzauticrir; hac:! a r e  znd 
spec ia l  b a r r f e r  techniques demonstrated t h a t  c e r t a i n  procedures were 
e f f e c t i v e  €or reducing t h e  t ranszer  of microorganisms to  component materials. 
The var ious  experimental assembly trials attempted and t h e  r e s u l t s  of each 
are l i s t e d  i n  Table X I I .  
Mean contamination levels reached 122.6 v i ab le  p a r t i c l e s  per  s i n g l e  
assembly u n i t  vhen no precautionary measures were used. 
ordinary soap yielded e r r a t i c  r e s u l t s ,  including i n  one ins tance  a four-fold 
increase  over t h e  ot>served counts for cmtrols (no treatment) from t h e  nut  
and screw assemblies. 
e f f e c t i v e  i n  reducing t r a n s f e r  of contamination from hands t o  assembly uni t s .  
Washing with 
Hexachlorophene soap scrubs appeared t o  be moderately 
The g r e a t e s t  contamination control  vas obtained with a combination of 
Phisohex scrub p lus  t h e  use of s t e r i l e ,  disposable gloves. 
procedure reduced mean l e v e l s  oE contamination t o  l e s s  than one organism per  
Use of t h i s  
assembled uni t .  data ir;dlcate that: prpn mndest precautions i n  hand 
care cmbined  t d t h  t h e  use of e f f ec t ive  b a r r i e r s ,  such as sterile gloves,  
can reduce microbial  contamination considerably below t h e  levels a t t a i n e d  
under condi t ions o r d i n a r i l y  prevalent  i n  uncontrolled circumstances. 
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CHAPrn I V  
EVALUATION OF LANIIUill FLOU ROOMS 
The concept of t h e  vertical laminar f l o v  c lean  room indicated a 
poss ib l e  dramatic reduct ion i n  microbial  loading on a spacecraf t  assembled 
i n  such a f a c i l i t y .  
of conventionai ciean rocim6, s l id  coiir'lmed by se;eral research lsbcratories, 
had indicated t h a t  i? minimum of approximately 10 t o t a l  colonies  per  square 
foot  could be expected t o  accumulate on space hardware from aerial fa l l -ou t  
during t h e  durat ion of its s t a y  i n  t h e  b e s t  of conventional f a c i l i t i e s .  
This f igu re  is  independent of t i m e  due t o  t h e  p la teau  e f f e c t  discussed i n  
Chapter 11. %US, a b a s i s  f o r  comparison was a v a i l a b l e  and N.A.S.A. was 
anxious t o  l e a r n  whether a s ign i f i can t  improvement could be a f fec t ed  by t h e  
use of laminar f l o ~ r .  
The data  accumulated on t h e  environmental microbiology 
3 
The f a c i l i k y  cozstrrrcted f n r  t!?e University of Minnesota is a pre- 
fabr ica ted  model, C f e e t  by 10 feet i n  area with a 7 foot  G inch c e i l i n g  
and u t i l i z i n g  a 4. foot  by 4 foot  anteroam. The wall sur faces  are anodized 
aluminum and the  ?looring i s  aluminum gr i l lwork  set over media  p r e f i l t e r s .  
It was  destgned and b u i l t  by Envirco, Inc. of Albuquerque, Be57 I4exico. 
Admittedly, t h e  f a c i l i t y  employs a minimum of pre-entrance precautions and 
thus provi~es afi excellent t e s t  zf the  cspzhflity of t h e  v e r t i c a l  laminar 
flow p r i n c i p l e  i t s e l f .  %e f a c i l t t y  is diagrammed i n  Figure 24. 
Following i ts  construct ion and check-out, t h e  room was i n i t i a l l y  
c lesned by repeated scrubbings w i t h  an iodophor solution.' The design c a l l e d  
f o r  a constant  tanpera ture  of  72 
0 0 F. 2 2 and relative humidity of 40-45 
Milcroklene, Economics Laboratory, S t .  Paul, Minnesota 
1 
0 
0 
d 
i 
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per  cent. 
Furnishings consis ted of only three c h a i r s  and two 4 foo t  by 2 foot  
6 inch home-made t a b l e s  with perforated aluminum tops f o r  minimal impedance 
of laminar flOV7. 
by 3 foot  c lean  room t a b l e  with pedestal  legs ,  and conventional c lean  room 
cha i r s  were added. 
I 
Later, these  t a b l e s  were replaced by a conventional 5 foot 
I 
Act iv i ty  i n  the room during monitoriag periods eozsisted of three I 
persons performin2 simulated space hardware assembly experiments. These I 
experiments were designed pr imari ly  t o  provide information on human contac t  
contamination and t h e  e f f icacy  of various b a r r i e r s  on prevention of  contami- 
na t ion. 
I 
I 
1 
I 
The parameters used t o  measure the  microbial  c h a r a c t e r i s t i c s  of t h e  
I 
laminar flow t o m  were very similar t o  those used i n  conventional c lean  
rooms. They were: 
i 
I 
1, Volumetric a i r  sampling using aeyniet s l i t  samplers. I 
2. 
3, itodac p l a t e  sampling of room surfaces .  I 
4. 
Fall -out  onto open Rodac p l a t e s  a t  bench top and f l o o r  levels. I 
Fall -out  onto 1 inch by 2 inch s t a i n l e s s  steel and epoxy laminate 
s t r i p s  during a 20 week period. 
METHODS 
The sampling methodoiogy was ------- very ~w~~~~ -z-a1-.. e~ that i i m o r t  ---_ i n  the conventional 
c l ean  room m r k  and described i n  d e t a i l  i n  Chapter 11. 
several major modifications.  
However, t h e r e  were 
I 
The sl i t  samplers were replaced by new models with an improved O-ring I 
1 
I 
c l o s i n g  mechanism and e l e c t r i c  clock motors. 
2 hour cloclts were used i n  p lace  of t h e  one hour clocks used previously.  They 
have t h e  obvious advantage of longer sampling i n t e r v a l s  with less manipulation 
During these  evaluat ions 6 and 
I 
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mxded by sampling personnel. 
t o  r e s u l t  i n  a lower sampling e f f ic iency  and it  w a s  decided t o  use  the  t w o  
hour clocks exc lus ive ly  during the  l a t e r  s t ages  of t h e  evaluat ions.  
samplers were placed on t h e  work t ab le s  i n  close proximity t o  t h e  a c t u a l  area 
of assembly. 
run for 2 to  6 hours, including t h e  durat ion of t h e  e n t i r e  assembly 
epiX?atf~n. 
7 2  hours a t  32' C. 
However, t h e  s ix  hour sampling per iod seemed 
'Itso 
Samplers were s t a r t e d  j u s t  p r i o r  t o  t h e  day's a c t i v i t y  and 
S ~ E ~ ~ E S  :.:ere collected OR 3 y p t i c a s e  Soy Agar and incubated for 
Addit ional  information on microbial  f a l l - o u t  i n  t h e  assembly area was 
gathered by p lac ing  a series of t e n  open Rodac p l a t e s  containing Trypt icase 
Soy Agar on t h e  bench top  i n  the  v i c i n i t y  of t h e  a c t i v i t y  during each 
assembly per iod (about 2 hours). An a d d i t i o n a l  t en  such p l a t e s  were simul- 
taneously placed on the  f loo r  near t h e  workers' fee t .  The p l a t e s  were l e f t  
uncovered during t h e  e n t i r e  assembly per iod then covered and incubated a t  
32' C, f o r  72 hours, 
The Rodac su r face  samples were confined t o  w a l l  sur faces  i n  t h e  down- 
flow room and t o  wall and f l o o r  samples i n  t h e  anteroom. 
t o  sample f l o o r s  o r  bench tops due to  t h e  per fora t ions .  
were randomly selected and samples were co l l ec t ed  approximately every two 
weeks with no cleaning whatsoever i n  between f o r  t h e  purposes of t h i s  
It was not p r a c t i c a l  
A l l  sampling sites 
-.-- 1- 2- -- c 
GA&JGL .LluSuL. 
The f i n a l  parameter of i n t e r e s t  i n  comparing the  laminar flow and 
convent ional  c l ean  rooms was microbial  f a l l - o u t  onto 1 inch by 2 inch 
s t a i n l e s s  steel and e p a y  laminate s t r i p s  placed on bench tops i n  t h e  
assembly area foz a per iod of 20 weeks. 
and 60 epoxy s t r i p s  were placed on the  benches i n  open, empty Rodac dishes  
a t  t h e  start of t h e  period. 
I n  t h i s  experiment 60 s t a i n l e s s  steel 
The s t r i p s  had been prepared and s t e r i l i z e d  as 
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described i n  Chapter 11. 
randomly se lec ted  f o r  ana lys i s .  
A t  two week i n t e r v a l s  s ix  s t r i p s  of each type were 
For t o t a l  count a f t e r  aerobic  incubation, two s t r i p s  of each type w e r e  
placed i n t o  25 m l  of s teri le phosphate bu f fe r  and mechanically shaken f o r  
f i v e  minutes. 
molten T.S.A. m s  added i n  s u f f i c i e n t  cpant i ty  t o  y i e l d  a s o l i d  agar p l a t e  after 
cmi ing .  
p l a t e  and covered with T.S.A. 
The 25 m l  e l u a t e  vas then poured i n t o  a 150 lll~ll p l a t e  and 
Tie s t r i p  itself was then placsb directly iztc 9 standsrd Petri 
Pla tes  were incubated aerobica l ly  a t  32' C. f o r  
7 2  hours and counted. 
t h e  counts from t h e  pour p l a t e  and the d i r e c t  p l a t i n g  of t h e  s t r i p .  
The t o t a l  count f o r  t h e  s t r i p  was taken as t h e  sum of 
The four  add i t iona l  s t r i p s  of each type were placed i n t o  dry, sterile, 
Following four  ounce b o t t l e s ,  and dry hea t  t r ea t ed  a t  80' C. f o r  15 minutes. 
t h i s  treatment,  25 m l  of sterile phosphate buf fer  was added t o  t h e  b o t t l e s  
and they were shaken mechanically fo r  f i v e  minutes. 
poured into 15C uzn dishes as before v i t h  t h e  molten T.S.A. 
The eluates were 
W o  p l a t e s  frm 
each type of s t r i p  were incubated aerobica l ly  and t h e  remaining two 
anaerobical ly .  Again t h e  s t r i p s  themselves were p la t ed  d i r e c t l y  i n  T.S.A. 
and two of each incubated aerobica l ly  while t he  remaining two were incubated 
anaerobical ly .  
incubat ion was a t  32' C. f o r  1 week. 
Aerobic incubation was a t  32' C. f o r  72 hours while anaerobic 
t h e  f i r s t  eleven weeks. 
twe l f th  week, although assembly a c t i v i t y  continued without t h e  laminar a i r  
It was then shu t  down f o r  r e p a i r s  during t h e  entire 
flow o r  environmental control .  TAe a i r  flow was turned on aga in  t h e  day t h a t  
t h e  twelve week series of s t r i p s  was picked up f o r  analysis .  
RESULTS 
Table X I 1 1  p resents  da ta  from volumetric air  sampling and aerial f a l l -ou t  
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onto agar  sur faces  during assembly periods i n  t h e  laminar downflow room, The 
da ta  are broken do1,rn t o  show a comparison between a complete c lean  room dress  
procedure and a l imi ted  dress procedure. 
The f u l l  d ress  consis ted of a dacron c lean  room uniform of covera l l  
s t y l e  with t i g h t  ankles  and wrists, a f u l l  hood leaving only t h e  face exposed, 
a s u r g i c a l  mask, and clean room booties. 
s t e r i i i z e d  p r i o r  to use. 
covered with s te r i le  gloves about half  t h e  time and subjected t o  f i v e  minute 
Phisohex scrubs on remaining occasions, depending on t h e  p a r t i c u l a r  assembly 
experiment i n  progress.  
A l l  p a r t s  of t h e  uniform were 
Pzrtizlpaats dressed i n  the anteroom, Hands were 
The p a r t i a l  d ress  procedure consis ted of clczn, cottc*n lqbc-x:-?:y 
coa ts ,  paper caps and p l a s t i c  boots. 
t h e  steri le gloves and t h e  Phisohex scrub. 
Hand b a r r i e r s  w e r e  aga in  divided between 
The data ind ica t e  a l e v e l  of approximately one colony per  1,000 CU. f t .  
of air diiring thc  f t ? T l  dress procedure, and two colonies  per  100 CU. f t .  for 
t h e  l a b  coa ts  Gnly. It should b e  pointed out,  however, t h a t  except f o r  one 
very high sample t h e  mean count for l a b  coats only would have been about 5 
colonies  per  1,000 cue ft. Nevertheless, t h i s  does i n d i c a t e  t h e  p o t e n t i a l  
d i f f i c u l t y  which can be encountered, even i f  only r a r e l y  by r e l axa t ion  of 
s t r i n g e n t  dress  procedures, even with laminar flow. By comparison, i n  
conveniiuual clsaz; Y=OGET; 2 d ~ h w n  of  approximately 1 colony i n  4 CU. f t .  was 
t h e  b e s t  t h a t  could be achieved (see Chapter 11). It is a l s o  i n t e r e s t i n g  t o  
note  t h a t  f a l l -ou t  onto Rodac p l a t e s  a t  f loo r  l e v e l  w a s  very similar regard- 
less of dress procedure. However, on the  work bench t h e r e  was a two-fold 
inc rease  ;r: t hese  count6 when t h e  less s t r i n g e n t  con t ro l s  were exercised. 
I n  a l l  cases, t h e  f a l l -ou t  was l e s s  than 13 colonies  per square foot  and is 
very  low indeed for a two hour period with a c t i v i t y .  
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Table X I V  demonstrates t h e  %buildup" of contamination on t o m  
surfaces  during a n ine  week period of occupancy following d is infec t ion ,  with 
no fu r the r  cleaning measures employed. It is obvious from these  da t a  t h a t  a 
minimum of rou t ine  housekeeping w i l l  be necessary i n  such a f a c i l i t y .  Even 
t h e  anteroom, without laminar flow, but with p o s i t i v e  a i r  pressure  from t h e  
laminar flow room t o  t h e  outs ide,  exhibited very l i t t l e  contamination 
accumulation. The ?evc?s c: the dc\r;:nflnw r n m  w a l l s  .. including two occasions 
with no colonies  a t  a l l  i n  80 samples is, of course, extremely low. 
Table XV summarizes t h e  r e s u l t s  of t h e  20 week accumulation of contami- 
nants  on the  s t a i n l e s s  steel and epoxy laminate s t r i p s .  It can be seen t h a t  
not one s i n g l e  colony was recovered from these  s t r i p s  during t h e  f i r s t  t e n  
weeks of t h e  experiment, while t he  room was i n  operation. 
shutdown, while a c t i v i t y  continued, t o t a l  counts between 5 and 10 thousand 
per  square foot  were quickly recorded. 
operation, counts F i c k l y  subsided t o  several hundred colonies per  square 
foot.  
a t  t h i s  t i m e  were approximately equal t o  those on t h e  unheated s t r i p s ,  ind i -  
ca t ing  t h a t  only t h e  most r e s i s t a n t  microorganisms remained a t  t h a t  t i m e .  
It is  a l s o  i n t e r e s t i n g  t o  note  t h a t  t h i s  s i t u a t i o n  prevai led a t  approximately 
t h e  s a m e  level f o r  t h e  remainder of t h e  tventy week period. 
Af te r  a one week 
Then a f t e r  several weeks of renewed 
It is i n t e r e s t i n g  t o  note  tha t  t h e  numbers on heat  t r e a t e d  s t r i p s  
rn- v,tllLLe J it 2s ZGC, prectical to c l a i m  t h a t  the  zero levels encountered on 
s t a i n l e s s  steel s t r i p s  during the  f i r s t  t e n  weeks can be depended upon as 
r e l i a b l e  cons is ten t  es t imates  of a e r i a l  f a l l -ou t  i n  a laminar domflow room, 
they are c e r t a i n l y  i n d i c a t i v e  of t h e  p o t e n t i a l  of t h i s  f a c i l i t y  t o  e f f e c t  
a s i g n i f i c a n t  reduct ion i n  microbial  loading on a spacecraf t  compared t o  a 
conventional c lean  room f a c i l i t y .  
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CHAPTER v 
SUMMARY AND CONCLUSIONS 
I 
I 
The immediate mission of t h e  Planetary Quarantine Off ice  is t o  a s su re  
s t e r i l i t y  of space hardware inpacting on t h e  p lane t  Mars. 
task,  t echnica l  and adminis t ra t ive  procedures must be decided upon and 
To accomplish t h i s  
i.iiip'Liiiient& on 2 tight schedu're, %jell in of the actual miesfofi. 
Decisions have thus already been made on t h e  bas i s  of a v a i l a b l e  knowledge, 
o f t e n  without t h e  advantage of having t h a t  knowledge confirmed by r e p e t i t i o n  
and c a r e f u l  analysis .  I n  t h i s  regard many of t h e  da ta  repor ted  he re in  have 
been disseminated f a r  i n  advance of thfs document. Indeed, t h e  chapter on 
eva lua t ion  of a laminar flow room resu l ted  from a decis ion based, i n  p a r t ,  
on t h e  prel iminary da ta  from t h e  comparison of conventional c lean  room 
f a c i l i t i e s .  
Ins tead  it is  hoped that it w i l l  prcri.de s m e  m,easme of cmfr?rt t o  t h e  
Planetary Quarantine Off ice  i n  t h a t  the data seem t o  confirm t h e  e a r l y  
ind ica t ions  and a n p i r i c a l  judgments and, thus,  v ind ica t e  t h e  decis ions which 
have been made thus far on sub jec t s  r e l a t e d  t o  t h i s  research. 
more important conclusions can be summarized as follows: 
As such, t h i s  document provides no new o r  s t a r t l i n g  information. 
Some of t h e  
1. Microbial evaluat ions of conventional c lean rooms revealed contami- 
nai;ion ieveis i n  of these f~~llitizs aL,ett C Z ~ ~ Z  f m ~ g ~ i t ~ d ~ _  
below previously determined "minimum" levels i n  c r i t i c a l  areas of hospi ta l s .  
2. Predictably,  t h e  contaminants were approximately 75% spec ies  
a s soc ia t ed  t ~ t h  shedding from human sources and no more than 10% appeared t o  
be spore  forming varieties. 
3. Spores i so l a t ed  from clean room environments are almost e n t i r e l y  
c m o n  spec ies  and pure i s o l a t e s  of these  varieties are r e a d i l y  k i l l e d  by 
i 
t 
I 
I -  - 81 - 
dry h e a t  cycles  less severe than those contenplated €or s t e r i l i z a t i o n  of space 
hardware. 
4. The "plateau phenomenon" ind ica t ing  no build-up of contaminants 
over an extended time period is borne out  by a l l  experiments performed and 
seems t o  hold t r u e  f o r  p l a s t i c  ma te r i a l s  as w e l l  as s t a i n l e s s  steel, and t o  
some extent f o r  spores as w e l l  as non-sporeforming species.  
5. Contamination traiisfer tc veriouc Ezterials from human contact  
proved t o  be predic tab ly  va r i ab le  among individuals  and groups of i nd iv i -  
duals,  but  of smaller magnitude tban had been expected. 
materials general ly  are more r e a d i l y  contaminated by human contact  than 
P las t ic  based 
metallics and r e t a i n  contaminants f o r  longer t i m e  periods.  
6.  The l av ina r  downflow room can achieve a f u r t h e r  reduct ion i n  con- 
tamination levels of several orders  o f  magnitude below t he  bes t  conventional 
c l ean  rooms. I-Iowever, every precaution should be taken t o  avoid avc r ra l i aace  
on such roma which s i g h t  r e s u l t  i n  r e l axa t ion  of a s e p t i c  technique. 
room w i l l  never be a b l e  t o  compensate f o r  careless techniques by workers 
involved. 
The 
Thus, t h e r e  i s  every indicat ion t h a t  a combination of r i g i d  adherence 
t o  t h e  techniques of s te r i le  assembly and t h e  use of a ver t ical  laminar  flow 
f a c i l i t y  f o r  f i n a l  assembly can g r e a t l y  reduce t h e  microbial  loading on t h e  
spacec ra f t  p r i o r  LO terniza? sterilization. Every v i a b l e  microbe which can 
b e  k i l l e d  o r  d ive r t ed  from t h e  spacecraf t  before  it e n t e r s  t h e  terminal 
s t e r i l i z a t i o n  chamber is one less which can possibly survive t h e  cycle,  
thus  improving t h e  odds f o r  successful  s t e r i l i z a t i o n .  
A g r e a t  dea l  has a l ready been accomplished by t h e  s t e r i l i z a t i o n  program. 
The determination t o  succeed i s  grea t  and it is hoped t h a t  t h i s  r e p o r t  w i l l  
c o n t r i b u t e  some s m a l l  measure t o  t h a t  eventual success. A t  t h e  same t i m e  i t  
- 82 - 
i s  the  b e l i e f  of t he  au thors  t h a t  t h e  b e n e f i t s  from t h i s  program have impli-  
ca t ions  f a r  beyond the  immediate goals. The spur  t o  microbio logis t s  t o  
probe more deeply i n t o  the  techniques and measurement of u l t r a  c lean  
assembly are a l ready  bear ing f r u i t s  for o ther  app l i ca t ions  i n  medicine and 
industry.  
Technicpes f o r  a s e p t i c  c a r e  of low r e s i s t a n c e  p a t i e n t s  and for manu- 
f ac tu re  of pharmaceuticals are examples of app l i ca t ion  a i ready  under develop 
ment 
Indeed, man's newly accpired a b i l i t y  t o  "reach f o r  t he  stars" w i l l  
undoubtedly open up cu r ren t ly  unthought of b e n e f i t s  f o r  inprovement of h i s  
own p l i g h t  r i g h t  here  on Earth and fur ther  j u s t i f y  t h e  expense and e f f o r t  
which such ambition requires .  
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